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PRiPACE 


Jt is the purpose of this thesis to examine both qualita- 
tively and q antitatively various aspects of congestion in the water- 
borne traffic using the “Lake Washincton Ship Canal and the Hiram M. 
Chittenden Locks. The principal questions to be investigated herein 
are: Do congested conditions actually exist in the ship canal; what 
is the extent of this congestion; what is it's cost to the public; 
how will it affect the development of water-borne traffic patterns in 
the Seattle area; are measures available for the relief of this con- 
gestion; and are they economically feasible. 

Pursuant to answering these questions the historical back- 
ground and tne sources of congestion in the Lake Washington Ship 
Canal will be investigated and discussed. In order to detect the 
influence of time upon water-borne traffic patterns, the rate of 
change of the pleasure boat population in Ceattle and the annual fluc- 
tuation of boat arrivals at the Hiram M, Chittenden Locks will be 
examined and projections of these functions rade for the next several 
years. 

If congestion is discovered, possible means of alleviation 
will be proposed. Theory and methodology for the quantification of 
the effects of this conrestion will be developed, necessary cata will 
be collected and processed in such manner as ig required to give a 
quantitative indication of the cost to the public of con, estion in 


the ship canal due to pleasure craft traffic. 





Calculations will be rade or the justifiable costs of those 
meas.res proposed for the reduction of convestion and there calcula- 
tions usec as &@ basis for estirating the economic feasibil‘ ty of 
installing the proposed improvements. Eased on these data qualitative 
predictions of probable trends in the development of recreational 
water-borne traffic patterns in the Seattle area will be made and 
discussed. 

ane thesis will be concluded with a discussion of possible 
inaccuracy in the procedure employed and data used and the proposal 
of an extended methodology for a more detailed study of this problem 
by some interected ayency. 

The reader must be mindful of the fact that the imponderables 
Of economic theory permit no precise, definitive numerical calculation 
of cains and losses to be made. Even the nost rigorous investigation 
of economic questions requires nw:erous subjective judgerents and 
assumptions to be made, all of which are the subject or continuing 
academic debate. ; 

Any resulte of this investiration therefore, will partake 
nore of the nature of an engineering estimate than of anything else. 
At the same tire it should be renembered that those estimates are 
based not only upon the experience and opinions of the author but also 
upon those of the professional engineers who so kindly advised and 
cuided the author throuchout the time when tnis report was in the 
making. As such they are rather more than likely to be well within 
the limits of accuracy and credibility of more laborous although no 


more theoretically definable procedures. 





CHAPTER [I 


THE HISTORY OF A TRAFFIC PROBLEM 


The City 


If for nothing else, Seattle would be distinguished for its 
geometry. Situated on a narrow strip of land between Puget Sound and 
a great fresh water lake, all patterns of transportation have of 
necessity developed in conformance to this constrained configuration. 
Motor traffic must either rum north and south, bounded by sea and lake 
and by lake and mountain, or else turn at right angles and seek to cross 
the lake on narrow ribbons of concrete stretched over pontoons. Water- 
borne traffic too must conform to this pattern, plying either north or 
south within Lake Washington or Puget Sound, or else turning to seek 
the sole connecting link between the two bodies of water; a search made 
&l1 the more attractive by their proximity to one another. So notable 
is this proximity that shortly after the Civil War, the United States 
Navy considered locating a naval station in Lake Washington althouzh 
there was no connection between it and Puget Sound in existence at that 


time. 


The Government Locks 


At the turm of the century, Wilbur and Orville Wright were 
still experimenting with kites and only a few eccentrics and visionaries 


could conceive of a carriage being moved without the assistance of horses. 





Seattle meanwhile was a rapidly expanding seaport, focus of the north- 
west timber industry and nourished on trade with the rich Alaska Territory 
and with the industrious Japanese who were busily building the fleet 
they would soon use to shatter the power of the Czars. With Seattle the 
most rapidly developing center of seaborne traffic in the United States, 
and in this the colden age of canal building, there is little wonder 
that the obvious task of connecting Lake Washington with Puget Sound 
should be undertal:en. 

In 1910 the Congress of the United States authorized the con- 
struction cf a masonry locks in the narrcws between Shilshole Bay and 
salmon Bay, with the understandin; that local governmental agencies 
should furnish funds for the excavation cf the waterway connecting the 
bodies of water. Construction was begun the next year, the project 
being completed and opened to traffic in 1916. Lake Washington was 
linked with the sea. The burgeoning new waterway was opened to the 
timber industry and a haven created for fishermen. 

In 1956 the name of the scvernment locks was cfficially changed 
to the "Hiram If. Chittenden Locks,” in honor of the man primarily respon- 
sible for their design. Figure 1 is a map of the Lake Washington Ship 
Canal system showing the locks, the canalized portion and intermediate 


waterways. 
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The Pleasure Boating Industry 


Who in 1900 could have dreamt of the unparalleled prosperity 
we in the United States enjoy today? Today, with greater incomes and 
more leisure than ever before at their disposal, Americans in record 
numbers are turning to sports and diversions of all kinds, and of these 
yachting and pleasure boating leads the way. The 1960's have become the 
golden age of the boating industry. Every year has set a new record in 
sales of cabin cruisers, sailboats, outboard motors and outboard hulls 
and associated nautical equipment and goods. Yacht clubs, moorings and 
marinas are springing up like mushrooms. People of all income brackets 
are now buying boats and enjoying the thrill of sailing or motoring 
across Open ater. 

Sharing equal responsibility with increased income and leisure 
time are technical developments within the boating industry. Some of 
the factors that have influenced the rapid development of the boating 
industry are: the proliferation of one-design sailing classes, outboard 
motors and hulls; the development of water-tight and warp-free marine 
plywood; and most of all the invention of the fiberglass hull. The 
availability of these virtually maintenance-free hulls has converted 
@ considerable segment of our population from Sunday drivers to Sunday 


sailors. 





It is estimated that more than thirty-eight and a quarter 
million Americans participated in recreational boating end water 
sports during 1963, spending two and one-half billion dollars for new 
and used boats, motors, accessories, safety equipment, fuel, insurance, 
moorage, maintenance, launching, storage, repairs and club memberships 
(1). The figures in Table 1 are adopted from publications of the 
National Association of Engine and Boat Manufacturers and the Outboard 
Boating Club of America (1). These data, when plotted in Figure 2, 
illustrate the general growth trend of recreational boating on a 
national seale. 

For our purposes the most important portions of this curve are 
the projections labeled respectively "A" and "B",. Projection A repre- 
sents the level of growth that would have been achieved had not the busi- 
ness recession of 1959 and 1960 intervened. It may be seen that had 
growth continued at its pre-1959 rate, the national boat population would 
already have passed the nine million mark and could be expected to surpass 
eleven and one-half million by 1970. The effect of the busineseé recession 
at the beginning of this decade was to reduce the total boat population 
by 800,000 vessels. Although the industry is obviously recovering, the 
1960 peak has not yet been matched nor is the rate of expansion as great 
as in years prior to 1960. 

Projection B consists of two dashed lines. These lines enclose 
an envelope containing the probable rate of increase of the boat popula- 


tion through 1970. 
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It may be seen that the 1960 peak will be re-achieved sometime in 1965 
and that by 1970 the national boat population will have reached a level 


of between 8.8 and 9.4 million craft. 


Boating in Wachington State 


In its geographic position as a coastal state, Washington may 
be expected to have its share of the national boat population. Although 
the National Association of Engine and Boat Mamufacturers and the Outboard 
Boating Club of America do not make estimates for individual states (1), 
excellent data is nevertheless available for the state of Washington. 
The two principal sources of such data are records of the United States 
Coast Guard (2,3), and the records of the Bureau of the Customs (4). 
These data are summarized in Table a. 

Coast Guard figures include all those motor boats in the state 
of Washington which are obliged to carry numbers under the Act of June 7, 
1918, as amended (46 USC 288). This act requires the numbering of every 
undocumented vessel propelled by machinery (in whole or in part) owned in 
the United States and found on the navigable waters thereof, except public 
vessels and vessels not exceeding lo feet in length propelled by outboard 
motors (3). The Washington state version of this law does not exempt 
motors of under 10 horsepower. The figures from the Bureau of Customs 
include those yachts which do not fall within the provisions of the 
Motorboat Act by virtue of possessing United States documents. The 


totals of these data are plotted in Figure 3. 
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TABLE @ 


REGISTERED AND DOCUMENTED PLEACURE CRAFT IN THE STATE OF 


WASHINGTON 
U.S. COAST GUARD BUREAU OF CUSTOMS 
YEAR REGISTERED MOTORBQATS DOCUMENTD YACHTS 
a (2s) ees 4 
Lv isal BE) Oy tje* 
1952 16731 6GO 
ee: Lj 690 
1954 L77 54 Ego% 
Te) 19341 708 
1956 20876 713 
1057 22815 (20 
1958 eas tls 719 
1S ae 29459 veo 
1960 hOT57 G05 
19€1 C1845 Soc 
19€2 710€1 OO1 


*Deata not locally available, estimated by the author 
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Note that the effects of the business recession of 1959-60 are 
Meiean evidence in this plot as they were in Figure 2. Figure 2 of course, 
was based upon estimated data, the implication of the difference between 
the two plots being that those estimates attached excessive importance to 
sales figures and to the general business situation of that period. In 
Figure 3, the rectilinear projection A and the curvilinear projection B 
enclose an envelope which should contain the probable growth trend of 
recreational boating in this state through 1970. These projections 
indicate that there will be between 116,000 and 156,000 registered and 
documented pleasure craft in Washington by 1970. Considering only the 
more conservative figure of these two (116,000), this would represent 
a growth of over 60% by 1970, only six short years away. If the arrival 
of vessels at the Hiram M. Chittenden Locks were to increase 60% in the 
next six years the results would be very nearly catastrophic. Fortunately 
however, as we shall see presently, boat arrivals at the locks are not 
increasing at nearly so rapid a rate as is the general boat population 


of the nation, this state, or even the city of Seattle. 


Boating in Seattle 


We are interested in the past, present and future growth patterns 
of recreational boating in the Seattle area, since as will be demonstrated 
later, fluctuations in traffic through the Hiram M. Chittenden Locks are 
principally dependent upon pleasure craft rather than upon commercial 


traffic. 





The establishment and forecasting of these trends is however, not 
s0 quickly or easily done for Seattle as it was for the entire nation 
or for the state of Washington. 

Attention has already been drawn to Seattle's cingular geonetry. 
The Seattle metropolitan area in our time includes within its bouncaries 
very nearly the entirety of Lake Washington. Few other urban centers 
possess the wealth of shoreline and water surface that are available 
in Seattle. As a result, Seattle has an e::traordinary concentration of 
peeasure craft in proportion to its population. For instance, in 1950 
tGere@e discovered that the number of pleasure craft in Seattle in pro- 
portion to its population was more than six times the national average 
surpassed in this respect only by Juneau, Alaska and Ogdensburg, New York 
(5). These figures however, were based on a registration law that was 
not Coast Guard approved and which tended to require registration of a 
Beeaver proportion of the total mumber of recreationalvcrart in the state 
of Washington than in other states. For the eame general time period 
Seattle was the ninth leading city in the United States in the total sales 
of outboard motors (1). Since this is based on total sales rather than 
per capita sales the suggestion still remains that Seattle possesses a 
considerably greater density of pleasure craft per capita than very 
nearly any other metropolitan area in the nation. 

Data on yacht documentations is available fron the Bureau of 
Customs broken down by cities (4); motorboat registrations by the Coast 


Guard however are not. 
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Therefore in order to estimate the number of pleasure craft in the 
Seattle metropolitan area, some form of correction must be applied to 
statewide figures of motorboat registrations. The author chose to make 
this correction on the basis of the population of the state of Washington 
as compared to that of Seattle and its environs. Table 3 shows the data 
and calculations involved. 

Data published in the Statistical Abstract of the United States 
(6), on the population of the state of Washington and that of Seattle 
and vicinity for the years 1950 and 1960 were used to obtain the relative 
ratio between city and state in these two years. A straight-line inter- 
polation and extrapolation was made of this ratio between the two census 
years. The calculated ratios for each year were then multiplied by the 
number of registered motorboats in the state that year to obtain the 
estimated number of motorboats over 10 HP in Seattle and vicinity. 

Since these figures do not include powered craft under 10 HP, 
a correction factor of 1.2 was used to estimate the total number of 
powered craft in Seattle and vicinity excluding documented yachts. 
This correction factor of 1.2 was developed on the basis of sales 
figures for outboard motors under 10 HP (ay. and from subjective esti- 
mates of the percentage of un-numbered motorboats passing through Hiram 
M. Chittenden Locks made by the author and by personnel at the locks. 
To the figures thus corrected were added the number of documented yachts 


based in Seattle, and the totals plotted in Figure 3. 
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In this figure, projections C and D contain the envelope of 
boat population growth in Seattle and vicinity through 1970. It must 
be noted that the curves for Washington state and for Seattle are not 
exactly comparable since the one is based only on registered plus docue- 
mented craft while the other is based on adjusted registered craft plus 
documented craft. Nevertheless it is obvious that the curves are quite 
similar which is some justification for the mathematical approach used. 
The projections of future growth indicate that in the year 1970 
there will be between 61,000 and 78,000 powered pleasure craft in greater 


Seattle. 


Cormosition of the Boat Population 


At this point, a word should be said concerning the composition 
of Seattle's boat population. A knowledge of the precise composition 
(length, propulsion, etc.) of this boat population would be desirable 
later in this paper. For this, the author employed the 1963 yearbook 
of the Scattle Yacht Club (8). This publication lists all vessels be- 
longing to members of that organization, and includes various data such as 
length, radio call letters, type, racing class, etc. This listing has the 
virtue of including both vessels moored in the water and vessels stored 
onStraiiers, 

Table 4 contains information on the composition of Seattle's 


boat population based on these data. 
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Four basic categories of pleasure craft were considered: outboard 
motorboats, inboard motorboats and cruisers, small sailing craft 
(arbitrarily defined as sailing craft 22 feet or less in length), and 
large sailing craft. The total number of pleasure craft listed was 952. 
The breakdown of these craft into the four categories considered, the 
percentage of the total number of vessels in each category by number, 
the average length of vessels in that category and the percentage of the 
total number of vessels in that category by length are summarized in 
Table 4. In addition the number and percentage of vessels carrying 
marine radios are shown. 

The author feels that this represents the best compositional 
information available short of a very ambitious statistical survey 
pregran. It must be realized that because of the income bracket to 
which most members of the Seattle Yacht Club belong, this compositionel 
information is almost undoubtedly biased in favor of a larger, longer 
and more expensive vessel. Since all other calculations and results 
developed in this report will probably be on the conservative side of 
the true figures, a combination of those calculations with these composi- 


tional figures may well be mutually compensatory. 


Factors Affecting Traffic in the Ship Canal System 


The availability and advantages of the great expanse of fresh- 
water moorage space in the greater Seattle area has tended to concentrate 
by far the greater portion of the vicinity's boat population into inland 


areas, 
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clmulteneously, the proximity of these roorage areas to Puget Sound causes 
many boat-owners to seek less restricted waters for their vursuite while 
maintaining their moorage in fresh-water. In addition, a certain propor- 
tion of those yacntemen who moor their craft in salt-water moorages 
occasionally find reason to navigate the ship canal system to Lake Washington. 
The intensity of this traffic is influenced by a number of factors. The most 
readily understandable of these are cost of moorg@ie, cost of raintenance and 
convenience in and to the various mooring areas. 

The primary factor tavoring salt-water moorage is one of convenience. 
The yachtsman who prefers to sail Puget Sound and its approaches and in 
Pacific Coastal waters rather than the inland areas of Lake Washinston 
and Lake Union may well prefer a mooring site directly situated on Puget 
sound, In addition, yachtsmen who live near a salt-water facility may 
prefer that facility due to proximity alone. Another Yractor which is 
reputed to have enhanced the desirability of salt-water moorage is the 
increasing congestion of Lake Washington with cross-etate highway bridges 
which are making suitable yacht racing areas increasingly scarce on the 
lake. There is a current trend towards the shifting of yacht-racing 
activities from the interior out to the Sound. With existing facilities 
there becoming the center of these activities, competitively minded 
yachtsmen may prefer the additional convenience of mooring near the hub, 
or futuré, hub, of sail racing activities. 

The very congestion under study in this thesis may eventually 
be the most powerful factor influencing yachtsmen to move their moorage 


to salt-water. 
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In gepite of this congestion however, owners of marinas in fresh-water 
may be seen to be expanding their facilities at a ranic rate to satisfy 
the demand for additional service in these areas. The already heavy con- 
centrations of traffic in fresh-water tends to induce concentrations 
marten @re heavier yet. 

the two prineipal disadvantages of salt-water mooraye are in- 
creased exposure to the elements and exposure to damage by corrosive 
action and the action of marine organiems, both fouling and boring. Not 
only does moorage adjacent to Puget Sound expose a craft to the sreater 
peverity of weather to be experienced in less protected areas, but by far 
the majority of on-sound moorages are uncovered, posing a serious problem 
to the boat owner whose craft is not completely weather-tight. This 
objection is only applicable to power cruisers since sailing craft find 
covered moorage impracticable due to mast height, and very small craft 
find it too expensive. 

Puget Sound has ite share of boring organisms. These are a par- 
ticularly serious problem to the owners of wooden-hulled craft. Even so, 
vessels of this type may be even now observed in salt-water moorage facili- 
ties. Since the majority of modern pleasure craft are being built of metal 
or of fiberglass and other plastic laminates which are not attacked by 
boring organisms, the generality of this disadvantage will decrease as 
older, wooden hulled vessels are retired from service. 

The problems of electrolytic corrosion and fouling organisms in 


salt-water are of course applicable to every type of vessel. 





Even the most modern methods cannot entirely obviate electrolytic corro- 
sion of metal hulls, propellers and hull and super-structure fittings. 
Fouling organisms also eeem to have no particular aversion to any sort 
of hull unless thoroughly treated with an anti-fouling paint. 

Considering both protection from the dements and reduction of 
maintenance, most yachtsmen find fresh-water moorage highly desirable. 
Since most boring and fouling orsanisnus cannot live in fresh water, these 
problems are almost entirely eliminated. Hulls must be beached only at 
great intervals in order to remove fouling plantsgrowths. The annual 
beaching required of salt-water moored veesele is not encountered by 
the fresh-water yachteman. The high rate of availability of covered 
moorage in Lake Union, Portage Bay and Salmon Bay makes moorage in fresh- 
water areas highly attractive to those yachtsmen who desire the added 
protection conferred by covered moorage and whose craft can be accormo- 
dated in thie manner. Many yachtsmen consider covere.! mooragze an absolute 
necessity in view of general weather conditions in the Sesttle area. The 
more protected inland location is desirable even for weather-tight craft 
and for those who cannot, or choose not to make use of coverel moorage. 
Obviously, the salt-water corrosion problem is completely non-e>istent. 

The convenience and cost are two other Sactors that may affect the 
yachtsmen's choice of one type of mooracge in opposition to another, and thus 
will influence tratfic ;atterns. At present there is no cignificant 
difference in basic cost between salt-water and fresh-water moorage in 


oveattle. 
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Salt-water moorage is on the averarse cheaper but this is due to the fact 
that virtually all salt-water moora‘e now in existence is uncovered; it 
is no cheaper than is uncovered roorage in inlanc. arece. 

Those yacntsren who reside near the lakes may prefer to moor 
on the lakes and their connecting watervays. This would be particularly 
true of those yechtsmen living in the municipalities bordering the eastern 
shores of Lake Washinston. Yachtemen living in areas having convenient 
access to calt-vater may prefer moorage there and of course, the increase 
in cross-lake bridge facilities may result in an increased use of calt- 
water moorage by yachtsmen from more easterly areas. 

Access to salt-water is obviously no problen. to those who are 
already moored there, but for those yachtsmen who choose fresh-water 
moorage, the problem of acc@égs through the Ifiram %. Chittenden Locks is 
undoubtedly the most significant convenience Yactor involved. Long waits 
at the locks may represent a large loss in utility to yachtsren who annually 
invest many thougands of dollars in owning and maintaining their craft, with 
the return of onhy a few hours of use per week. Certainly if this lost 
utility (jue to congestion at the locks) surpasses the additional maintenance 
costs that might be expected in salt-water, one might expect a fresh-water 
vwachtsmanm to chift his moorage outside of the congested inland area. 

One of the principal factors affecting traffic pattern cevelor- 
ment in Scattle's recreational waterways is the number and location of 
Peellitives catering to ple@eure cmaft that exist therein. <tixtseting»pleasure 
boat mooraces are sited in Lake Washington, Portage Bay, Lake Union, Salmon 


Bay, Shilshole Bay Elliot Bay and the Duwamish River waterways. 








Tae author estimates that there are about £000 Lerths presently available 
in fresh-water and 2500 in salt-water. 

For those craft which are launched anc retrieved each use being 
Seomeo On land on a boat trailer in the interval between ucages, the 
Woeation and convenience of boat launching raz:ms is a wajor contributing 
factor. The trend here parallels that of otner pleasure boating facilities 
Pa tie a@n@e, the majority of available boat launching ramps bei'ng located 
majacent to fresh-water. No available statistics indicate effectively the 
variation between water anc land based pleasure crart traffic patterns. 
Until evidence to the contrary ig available, it is reasonable to assure 
fige traific patterns generated by shore based pleasure crart parallel 


those that exist ror the boat population in ceneral. 





ae 
7 


CHAPTER ITI 


OPERATIONS AT HIRAM M. CHITTENDEN LOCIS 


Layout and General Description 


The general layout of Hiram M. Chittenden Locks is illustrated 
in Figure 4. The lock complex consists of three basic components; the 
large lock, the small lock and the dam that maintains the water level in 
the inland lake complex. Figure 5 shows a cection through the cam and 
various pertinent data are listed in Table 5. 

Before the construction of the locks and dam there not only was 
no connection between Lake Union and Puget Sound, but also there was no 
connection between Lake Washington and Lake Union. The water level in 
Take Washington was naturally regulated between elevations of 29 and 33 ft. 
above mean tidal level in Puget Sound, its outlet being at the southern 
end of the lake via the Black and Duwamish rivers. Lake Union was re;ula- 
ted artificially at more or less its present level by a spillway at the 
western end of the lake. Salnon and Shilshole bays were tidal waters. 

During the construction of the present ship canal comple: a 
channel was dredged through Shilshole Bay to sake it navigable at all 
times. Lake Washington and Salmon Bay were lovered and raised respective- 
ly to match their levels to that of Lake Union. The connecting passages 
between Salmon Bay and Lake Union, and Lake Union and lake wasnin; ton 
were dredged to navigable depth and the locks and dan installed in their 


present location. 








24 


Fieure 4 — Hiram M Carrrenoen Locks — Genera. FLAN 
be 
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TABLE 5 


HIPAM M, CHITTENDEN LOCKS - DATA AND DIMFISIONS 


MAIN LOCK 


Available length SECS nawrts om 
Available length, east chamber clo ce man 
Available length, west chamber Berane 
Depth on upper mitre sill at low water 5 Gay ag 
Depth on lower mitre sill at mean lower 

low water of Puget Sound LE ae ee 
Width CONT t: 
Height of wall above floor of lock Do Oa 

SMALL LOCK 

Available length for square ends ee a ae 
Depth on upper mitre sill at low water ie G:. 
Depth on lower mitre sill at mean lower 

low water of Puget Sound Leer. 
Width 28 ft. 
Heignt of wall above floor of lock Cen 


WATER LEVELS 


Upper Pool 
Maximum Level gre oe @ ake Oe oom 
Minimum level ros eg © i de ve 
Range Bo et Gs 
Lower Pool 
Maximum high tide above datum io eae 
Minimum low tide below datum -4 ft. 


Futreme tidal range LOS ex 
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The entire inland waterway complex is now regulated by this one dam at a 
mvel of from 20.0 to 22.0 feet above tidal datunx. 

Tne variation in size between the large and small locks is an 
indication of the relative importance attached to commercial as compared 
to pleasure boat traffic at the time the locks were constructed, the large 
lock being over six times as lonr and very nearly three times as wide as 
it sualler counterpart. It is noteworthy that the larscer lock is divided 
in two by a set of central gates, thus simultaneously providing a large 
capacity and an intermediate capacity lock. 

The distance through this system from deep water in Puret Sound 
to deep water in [ake Washington is about eight miles. Since tides in 
Shilshole Bay have a range of about 19 feet, varying from 4 feet below 
datum to about 15 feet above, vessele passing through the locks are lifted 
or lowered between ¢ and et feet depending on the state or the tide and 
the water level of the lakes. 

The United tates Army C’rps of Engineere claims that an average 
transit through the large lock requires about 25 minutes and through the 
Small lock about 10 minutes. Large ships, they say, seldom require rore 
than 30 minntes. Tows occasionally take an hour but usually pass through 
dn about 30 minutes. They estimate that about 30 pleasure craft can be 
accomodated alonz the walls of the large lock but if they are moored 


several abreast, about (0 can be taken at a single locka;e (7). 
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Description of Lock Operations 


The demand for passage througn the locks reachee its peaks only 
during the daylight hours of weekend days and holidays in the summer 
months. Throughout most hours of most other days, traffic demand are 
ment. 

Under these circumstances of light traffic flow, vessels arriving 
Tor passage through the locks are routed to the lock appropriate to the 
size of the vessel. If any of the dimensions of a vessel exceed the maxi- 
mu of 70 feet of length, 24 feet of width, 10 feet of draft and 42 feet 
of height above the waterline, the vessel is routed through the large 
lock. All smaller craft are routed through tne small lock. The nuzber 
Peercacure eratt that exceed these maximum dimensions is quite o=all, 
being limited to very lerge motor and Sailing yachts. To cay that by 
far the majority of all pleasure craft are of a size permitting passarce 
through the small lock would be understating the case. Virtually all 
pleasure craft may use this smaller facility if no other consideration 
enters the picture. 

Under some circumstances, small craft may be routed thr ugh the 
large lock even in times of low traffic flow. Whenever the larre lock 
must be cycled in order to aceomodate some vessel exceeding the previously 
stated dimensions, as many smaller craft as are in the vicinity are 


admitted to the large chamber and locked through simultaneously. 
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To summarize this pattern of off-peak operations we may say 
that vessels exceeding certain stated minimum dimensions are routed 
through the large lock while all smaller vessels are routed through 
the small lock with the exception that whenever the gates of the large 
feck are opened for a large vessel, any small craft standing by are 
admitted to the large lock and cycled through in company with the large 


Grait. 


High Density Traffic Patterns 


During those hours of those days on which pleasure boatmen 
are most avidly pursuing their nautical interests, large numbers of 
Bmaet crait present themselves at the locks for passage to one sid® or 
the other. As the rate of arrival of such vessels increases, eventually 
exceeding the maximum practical traffic handling capacity of the small 
lock, a line (or queue) of vessels awaiting lockage builds up alone the 
@Mell lock wait@ngs pier and in the holding areas above or below the locks. 
During these peak times the large lock must be pressed into ser- 
vice in order to handle the great numbers of craft demanding passage. 
As e@ netter of practical interest, on days favorable to yachting, the 
capacity of the small lock is exceeded at about 10 a.r. From this time 
on the small lock is cycled as rapidly as possible, transferring a full 
Chamber load each cycle, while excess traffic isc routed through the larger 


lock. 
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In times of relatively high density of traffic at the locks, 
several characteristic conditions develop. The time required for a 
single lockage (hereafter referred to as a transit) through either lock 
increases considerably over that required during off-peak hours. In 
the small lock, the time necessary for a transit may increase from the 
minimum of 5 or 10 minutes to age much as 25 or 30 minutes. 

This same Lengthening of the transit time occurs in the larre 
lock to an even greater, and for the purposes of this thesis, mucn ~ore 
Gignificant extent. In this lock, the time required for a rassace 
increases from the off-peak minimum of 10 or 20 minutes to an hour or 


even longer. 


Queueing Patterns 


Once the transitional phase separating the characteristic opera- 
tional patterns of low from high traffic density nas been passed, queueing 
vessels will have filled the waiting piere for both large and small lock, 
the remainder forming a large pool of craft maneuvering and lying-to in 
the holding areas above or below the locks. Boats in these queues are the 
boats that are waiting to be admitted to one of the locks when the cates 
are opened again. As soon as one of the locks is full, the ¢atee are 
closed and the operation of lifting or lowering is perfcrmed. All craft 
arriving at that lock after the gates are closed must wait throuch e cycle 
of lift and lower before the gates can be re-opened and they can be 


admitted. 
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It is wnen the queue waiting for entrance to the small lock becomes 
longer than the capacity of the lock for the next transit, thet the gates 
of the large lock are opened and it also is pressed into gervice. 

In general these queues or waiting lines are not allowed to devel- 
op to an extent where there are more vessels waiting for use of the lock 
than can be handled during the next transit in both locks. Cn some very 
meen traific days thie does in ract happen, usually in the evening ani: 
to that traffic returninz into Lake vashington after the .eek-end's 
meencing, trom tne standpoint of this thesis, the point o: salient 
anterest is that many pleasure cratt which woulr otherwise be able to 
pass through the small Lock must instead use the larceer rac:lity. ex- 
merrencing the much longer transit time associated with it, and may in 
fact have to wait one or more full cycles of that lock for passage. 

1G 12 worthy of note tnat altnoush queueing is the m@ect obvious 
Bmierecterietic of the comgestion problem at thé government locxs, the 
mathematics of "queueing theory" are not usuable in cetermining the 
marameters of the congestion since records kept at tne locks incicate 
only the number of vessels passing through and contain no indication 


fwoner Of arrival rates or of queue dimensions. 


One way Ureitic 


One point that has not been coveres yet but which &® Becent@al 
Bo uncersctandingg of the traffic patterns occurring uring *ronmectar tines 


ig the one-way character of arrivals at the lccks. 
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Most yachtsmen want to leave their fresh-water moorinrs and transit the 
locks to salt-water sometime during the morning or early afternoon. These 
same boatmen usually want to return inland of the locks soretime in the 
late afternoon or early evening. ‘These desire trends give rise to traffic 
patterns which are characterized by extreme directionality. Traffic flow 
is principally seaward in the morning and early ae and principally 
lakeward in the late afternoon and eveniny, the traffic flow in directions 


Opposite to this trend being very nearly insignificant in amount. 


Prediction of Lock Arrivals 


It was demonstrated in the previous chapter that the popularity of 
boating and the number of pleasure boats in existence is increasing rapidly 
in the nation, the state and in Seattle itself. At present, the “ajority 
of all pleasure craft in Seattle end vicinity are concentrated into the 
fresh-water roorares inland of the Hirar '. Chittenden Locke. The desire 
of many yachtsmen to pass frequently through the locks and into Piget 
Sound and then to return to fresh-water noorave has created a condition 
of cevere traffic congestion in the ship canal systez in s«eneral and specif- 
ically at the locks therselves. Jt is certainly reasonable to arssune 
that Seattle will follow the general trend of increase in the popularity 
of boating; and as the boat population increases (and as was shown in 
Fisure 3 we ay expect the boat population of Seattle to very nearly 
double within the next six years) the devancs on the locks for passage 


to and from Pyret Sound and inland watere will becove greater ani wreater. 
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In Table are summarized data adopted fro. records kept by the 
United <tates Army Corps of Engineers at the Hiram M. Chittenden Locks. 
tne nurber of pleasure craft and other vessels using tne locks annvally 
and the total of these two are tabulated for the yeare 1°53 throush 19 3. 
Figure ‘ is a graphical representation of this data showing the annual 
variation of pleasure traffic, traffic attributable to types of vessels 
other than pleasure craft, and the total traffic through the locks. 

These curves indicate a number of notable featiires characteristic 
of the traffic through the locks. Notice first of all that the volume 
of pleasure craft traffic has, since 1°53, grown to where it is consider- 
ably greater than the volume of all other traffic conbined. Notice too, 
the similarity in shape between the pleasure craft curve and the curve 
for all vessels through the locks. The implications here are first that 
pleasure traffic is far and away the most important tyne of traffic pass- 
ing through the locks as far as numbers of craft involved anc secondly that 
the total traffic handled in a year varies as the pleaeure traffic for that 
year varies. Minor details noticeable are the peak in comvercial traffic 
and accompanying peak in total traffic caused by the opening of the Shilshole 
Bay Marina in combination with the business receseion of 1959-0. 

Tne dashed lines in Firure ' are projections indicating the future 
traffic volunes that may be expected tnrough the locks. In making these 
projections the 19% 2 World's Fair peaks were ignored. These projections 
indicate that by 1979 cormercial traffic will have again reached a volure 
of more than 30,00 vessels per year, falling about 2,900 veseels ehort 


of matching the 1% 2 peak. 
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TABLE ¢ 


SUMMARY OF VESSEIS PASSING 
THROUGH HIPAM M, CHITTENDEN LOCKS 





PLEASURE* OTHER 
YEAR CRAFT VESSELS TOTAL 
m5 3 eed Gal 30, OCF Dis tO 
1954 31, 766 28 ,009 Be Fags. 
1955 34, “ho 30,291 C4 O31 
195¢ iscl 27,031 (8,582 
ead Deneck ee Fe tals, TT, 336 
1958 yoce a ee 79, 396 
1959 47°79 ef O11 73,1 90 
1960 47,822 23, 03t TL to 
191 7,059 ef , 341 73.400 
1% 2 48 270 31,965 80, 235 
19.3 ho, 401 eg gaa 77,013 


*Includes pleacure craft of foreign origin. 
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Pleasure traffic should increase steadily, surpassing the 1959 peak by 197 
anc reaching a level of over 57,000 vessels per year by 197). Barring major 
fluctuations in the national economy then, total traffic volume throw'h the 
locks will have reached an all time high by 19:5 and will amount to more 
than 88,9000 vessels per year by 1970. This will be an increase of &,000 
vessels per year over the 1962 record of 80,000. This means that we may 
expect an increase of 19% in traffic through the locks within the next six 
years. This is considerably less than the (0% increase in the overall boat 
population thet may be expected within the same period. Nevertheless, con- 
euctering the state of congestion that exists under present traffic loads, 


an increase of even 10% may well prove intolerable. 











CHAPTER III 


POSSIBLE MEANS OF REDUCTIG CONGESTION 


Possible means of reducing congestion in the Lake Washington 
Ship Canal and Hiram M. Chittenden Locks fall into two general cate- 
gories; those measure which would reduce congestion by increasing the 
actual physical capacity of the locks and those measure which would 
meevempt to reduce conmestion by inducing decreased peak traffic volumes, 
spreadinz this traffic out over a lonzer time period. Of all ccnceiva- 
ble methods of reducing congestion in the locks and the ship canal 
meecen, only a few can be subjected to any sort of analysis at all. 
This thesis will confine itself to one or two of the most promising 
Meetaese. It is desirable however to menticn and tabulate as many 
methods and proposals fcr reducing conzestion as vcessibie simply to 
previde a basic workinsz list from which the most prcmisins prcposals 


can be selected. 


Education and Infcrmation 


% is possible that some reduction in congestion and in travel 
time tnrough the locks might be achieved by information and educational 
Erozrams desimmed to better acquaint yachtsmen with lcck miles and pre- 
cedures. Acquainting Seattle boatmen with the general trend of traffic 
patterns at the locks would enable them to choose off-peak times for 
transit. Such programs could be effected by publishing pamphlets of 
lock rules and lockave data and prcedures showing what hours are most 


favorable to expedient passaze through the locks, distributing them to 
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yacht clubs and to vessels passinz through the lecks. Using these fub- 
lications as an aid, personnel of the United States Army Corps of Fngineers 
end Coast Guard cculd conduct instruction at varicus yacht clubs and 
marinas in proper procedures and lock seamanship. Im actuality, sheets 
listing lock rules and procedures are passed cut at the locks already 

and the authcr doubts that even if some decrease in congestion could be 
realized by such a program, such a reduction would be great enough to 
compensate for traffic peaks of the magnitude we are likely to encounter 


om 19/0. 


Administration 


In order that proper records may be maintained of the number and 
type of vessels and carzces passinz through the locks, each vessel must 
fill out and submit a form containing various pertinent information. When 
there are sixty small-craft involved in a single lockaze thrcouch the larze 
meex, the distribution, filling out and collection of these forms may te- 
come time-consuminz. As a matter of fact a ccnsiderable pcertion cf the 
increase in time required for a singie transit thrgugh the lccks is 
attributable to administrative details involving lcckaze records. In 
order to streamline administraticn as much as pessible, the United States 
Corps of Engineers verscnnel distribute quantities of lockage forns to 
the cwner of vessels rassing through the locks so that they may have a 
supply of these forms cn beard and can have them properly filled out 


Trior to arriving at the locks. Fven so, a larze number of boat owners 
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must be individually supplied with the proper fcrm and the form filled 
cut and collected before each transit can be completed. In addition to 
this, the distribution, collection and tabulation of these forms is a 
burden on the lock masters and their assistants and on lcck personnel 
faeeeneral. 

One imprcvement in this situation might be made by establishing 
automatic lock-form dispensers at a considerable distance upstream and 
dcwnstream from the iccks so that yachtsmen intending to pass through the 
leeks and not havinz a form on board might prcvide themselves with tnese 
meme 20d fill them cut prior to arriving at the locks. It would then be 
necessary tc furnish forms at the lccks cnly to those craft whose cwners 
resolutely isnore all other distribution points. 

Lock fcrm distribution lcecations at the locks themselves should 
be installed alon: the lock wall as far upstream and downstream frem the 
locks as possible. Collection of filled cut lock forms should be made 
from craft exitinz the locks rather than prior to or during lockage. 
Odviously, form collection would be made at the same locations as form 
distributions. Under this system, a craft approaching the locks, even 
if not already provided with a form, could pick a form up befcre entering 
the locks, nave at least a quarter of an hour to fill it out, and then hand 
it in upon exiting from the lock. 

The effect of such a system upon lock operation is somewhat unpre- 
dictable. It might result in a great savinz in travel time, cr the saving 
might be only insimmificant. The only adequate way of determining tnis is 
experimentally by actually putting such a system into operation, fcr say, 


the small locks. 
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Another approach of the same sort would be the complete automation 
of all lockage records. Automatic radar traffic counters of the type 
presently used to control traffic lights could be installed to keep check 
on the number of craft passing through the locks. In addition, those 
craft which are frequent users of the locks could be provided with punched 
or magnetically sensitized cards which, when inserted into reading devices 
positioned at frequent intervals along the lock walls, would autcmatically 
Supply all information that must presently be listed by hand. Whether cr 
not such an automated system would reduce transit time, thereby decreasinz 
congestion is a matter for debate. There is some doubt that it would take 
any less time to insert a magnetic card into a reading device than it would 
take simply to hand in a previously filled out form of the type ncw in use. 
There are however, many advantages which wculd accrue through the use of such 
a system, some of which will ve discussed later. These advantases are out- 
Side the realm cf congestion and travel-time consideration and are properly 
the subject for consideraticn by experts in automation rather than being 


Subject matter for this investigation. 


Continuous Traffic Flow Infomnation Systems 


One cther apprcach to the reduction of traffic volumes in the ship 
canal and at the locks would be to continuously inform yachtsmen of the 
degree of conzestion currently existing there. This could be dene by 
means of radio brceadcasts on marine frequencies, by continuously informing 
yacht clubs and marina by televhone cr by use of indicating devices situated 


at appropriate lccaticns in the ship canal system. 
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In Chapter 1, when the composition of the boat population in 
seattle was investigated, it was discovered as a by-product of this inves- 
tigation that 37.°% cf tne craft considered in this investigation carried 
two-way marine radios and it was assumed that a certain additional iercen- 
tage would have receivers capable cf receiving marine frequencies. These 
craft would all be capable of receiving continuously or intermittently 
broadcast information concerning traffic conditions at the locks. The recip- 
{ents of such inforvation might then decide whether to continue on through 
the locks immediately cr to delay their transit until a more appropriate 
time. The general effect would be to spread traffic over a zreater period 
oe time. 

There are several objections to this plan. Even if 50% of all bcats 
using the ship canal carried radios, only some smaller percentaze of these 
Would actually have tnem enerzized. This would mean that broadcasts cn 
marine frequencies would not reacn by far the larger percentaze of all 
Craft usin: the canal. Receivers might be installed at marinas and yacht 
Cluos to receive the appropriate frequency continucusly but this wceuld be 
moO more effective than informing these same facilities of traffic conditions 
by means of telephone. It is also worthy cf note ti.at most marine frequen- 
€ieés have a much more important use than as a carrier cf traffic condition 
information. 

Telephone infcrmation, while available to those yachtsmen based at 
&@ marina or yacht club interested in participating in a telephcne infcrma- 
tion system, would not be available tc craft that had already departed fcr 
their mocrage cr launching site. Visual traffic indicators established in 
Shilshole Pay, Salmcen Tay, Lake Union, Portage Bay and Union Bay right rrove 


to be one of the more useful informative devices. These indicatcrs could be 
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electrically operated by remote control, cver telephone catles laid from 
the locks tc tne indicatcrs. One form of such an indicator might be a 
clock-faced dial indicating the estimated number cf minutes it will take 
to pass througn the locks at tne current degree of ccnvesticn. A separate 
Rand could be used fur tie large and for the small lcck and to make the 
Meemiey even more graphic, the dial could be cclcr ccded green for 20.d 
Medi tions, orange for intermediate and red fcr congested ccnditions. An 
@empast S concepticn of such an indicator is snocwn in Figure 7. 

This type of visual indicaticn, while more expensive than any of 
the schemes previously mentioned, would have the advantage tnat it would 
meneect ali yachtsmen usinz the ship canal system and not fust these tuned 
tO & particular marine frequency or those who had just departed froma 
yacht club cr marina. The automatic lockawe form disvensers mentioned 
Meeviously could be located in the vicinity of tiese indicatcrs. if an 
indicator system such as this were establislied, it would be a simple matter 
to extend the required transmissicn lines to interested marinas and clubs, 
installin:s smaller indicators directly at these facilities. Unfortunately, 
Glthouzh such an indicator system is an intri-suins possibility, the authcr 
Can think of no way to investivzate its economic feasibility or tc predict 


40s effect in reducing congestion at the locks. 


Measures tc Increase Rate of Treffic Flicw 
In addition to tue <act that none of the measures so far discussed 
are susceptible to detailed analysis, they doen't really sclve the protlen 


anyway. They simply make the problem appear to be less severe. 
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All these previously mentioned measures were intended simply to spread 
traffic over a greater period of time, thus reducing the intensity of peak 
traffic loads at the locks. This spreading of the peak must inevitably 

be accomplished by causing yachtsmen to advance or delay their departure 
from their moorage cr launching ramp or to delay at some intermediate 
facility while awaiting a more favorable time. We have not however, elimi- 
nated the disutility caused by conzestion. The disutility experienced by a 
yachtsman who delays or even cancels nis transit of the locks may be even 
greater than the disutility he would have experienced due to delays and 
congestion at the locks themselves. The cnly positive method cf cbtaining 
reductions in travel-time and positive relief of congestion at the locks 

is to actually increase the rate at which vessels can pass the locks. The 
@uthor can visualize three basic approaches to accomplishing this intent: 
by modifying the existing locks in such a fashion as to increase the rate 
at which they can handle traffic; by establishing a conveyor belt or a 
marine railway which would enable pleasure craft to pass from lake level 

to sea level without actually passing through the locks; or by building cne 


or more additional locks. 


Modifications to Existing Locks 


There would seem to be relatively few conceivable modifications 
possible to the existing locks. Such modificaticns might include lengthen- 
ing either or both existing locks in order to increase their total capacity, 
modification of the hydraulic mechanisms involved in the transfer cf water in- 


to and out of the lock chambers, and modifications of a sort intended to 
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facilitate seamanship and administrative procedures. 

The first of these that we will consider will be modifications 
to the existing hydraulic systems. Later in this report data will be 
presented which will show that with their presently installed hydraulic 
systems, the large locks are capable of a minimum lift time of about 10 
minutes; while the small locks can be emptied cr filled in a minimum of 
about 5 minutes. Even now there is some complaint among yachtsmen of 
turbulence in the lock chambers. The present hydraulic system in the 
locks is quite massive. For instance, the main water transfer culverts 
of the large lock are 85 feet wide, and 14 feet high. The laterals which 
extend from these culverts into the lock chamber are 4 feet wide and 2 
meet high. 

In comparison to minimum transit times of 5 and 10 minutes for 
the small and large locks respectively, the maximum transit times are &s 
much as 20 minutes in the small lock and 60 minutes in the larze lock. 
This great increase in the time required to complete a trip is a combi- 
nation of the time necessary for vessels to enter the locks, moor alonz 
the lock walls, receive, fill out and return lockage forms, be lifted 
Or lcwered, unmoor and evacuate the locks. Im actuality all time cver 
and above the minimum transit time is consumed in boat handling and 
administrative matters. 

It is the author's belief that even if the existinz massive hydrau- 
lic system at the locks could be modified in such a way as to reduce the 
transit time, the paring of one or two minutes off that portion of the 
transit time occupied in hydraulic operation would not significantly 


influence the overall time required for a trip thrcugh the locks during 
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peak traffic hours. For this reason, investigation of possible modifi- 
eations to the existing hydraulic system is not considered wortrwhile and 
will be excluded from consideration herein. 

Since the majority of the time spent in lifting and lcwering 
vessels during peak traffic hours is spent in boat handling and in admin- 
istrative functions, any measure that would speed up these operations would 
reduce the time required for a transit of the locks, thus increasing the 
traffic handling capacity of the existing installation. Proposals pertain- 
ing to administration have been discussed in precedinz portions of this 
chapter. 

Tne only modification that might tend to speed up boathandling 
at the locks would be the installation in the large lock cf flcating 
fenders of the type currently in uate in the small lock. Such fenders, 
rising and falling along with the water level in the lock chamber and 
providing moorage attachments, reduce the amount of linehandling involved 
in passing through the locks. Installing fenders of this sort in the 
larze lock would reduce the available width from 80 feet to about 74 to 
76 feet. Whether or not such a decrease in the available width of the 
lock is justifiable in view of the disadvantages it would occasicn to 
commercial traffic, the author does not know. In fact the author has 
no idea, whether installation of floating fenders in the larzer lock 
would affect boat handling precedures there enough to produce a signifi- 
cant decrease in maximum transit times, nor can he conceive of any 
rational attack on this particular problem of other than an experimental 


nature. If the installation of floating fenders in the larze lock should 
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ever be considered it might be possible to gather data cn the desirability 
of this move by noting the increase in cycle lenzth cccasion when boats 
passing through the small lock were forbidden to use these fenders. With 
this data in hand, undoubtedly some sort of an approach could be made to 
determine if such an installation in the large lock would be justified. 

The final type of modification of existing lcckage facilities which 
will be considered will be that of increasing the length either of the 
present large licck or of the small lock or both. The author does not con- 
sider any such increase in length either desirable or justifiable, or even 
to be a valid line of attack on the problem. In fact, none of these alter- 
natives will be included in the numerical analyses which constitutes the 
latter porticn of this report. Some justification hcwever, must be made 
for this exclusicn. 

There are several factors which militate against the feasibility 
of increasing traffic capacity by increasing the lenzth of the present 
locks. One of these is cost. It is very likely that it would be just as 
expensive to increase the length of the present locks as it wculd be to 
previde an additional lock having the same capacity; whereas the increase 
in length would not provide the flexibility of operaticn that would be 
provided by an additional separate facility. Also to be considered is 
fia che minimum transit time would be increased. If either of the locks 
were lengthened, cther dimensions remaining the same as at present, the 
increase in water required for a lift or lcwering would be exactly propor- 


tional to the increase in length. Earlier it was seen that the already 
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small minimum transit times could probably not be reduced significantly 
by increases in the water handling capacity of the hydraulic system. This 
situation would not now hold true. While it is not certain that the in- 
crease in minimum transit time would be exactly proportional to the increase 
in length, these times would doubtlessly increase significantly. In addi- 
tion, since the number of additional vessels that could pass through the 
locks during a transit would be more or less proportional to the increase 
in length, boat handling and administrative problems would also increase 
just exactly this much. The net result would be that the maximum transit 
time would probably rise more or less in proportion to the increase in 
capacity. The result of this would be that not only would total traffic 
handling capacity not be increased, but that the actual total vessel-hours 
of travel time required for passage would be enlarged rather than reduced. 
When we increase the length of the small lock, what we are doing in 
effect is to convert it from a "small" lock into an “intermediate’ lock. 
What is the point in doing this when two different sizes of intermediate 
lock are in fact already available due to the placement of the center gates 
in the existing large locks? As a final word on the unfeasibility of length- 
ening the present locks, consider the following proposition: replace the 
present locks with a dam and single lock gate at the Shilshole Bay end of 
the ship canal and a dam and single gate at the Lake Union end of the canal. 
We would now have a lengthened lock chamber capable of holding several 
thousand vessels. With this lengthened chamber we could accomodate an 
entire day's traffic simultaneously. (The greatest number of vessels ever 


handled in a single day was 1,189 craft on Labor Day 1957.) 
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The traffic handling capacity of this imaginary lock chamber would probably 
never be exceeded but imagine the plight of a yachtsman asked to wait a full 
24 hours to complete a single passage through the locks. This is of course 
an extreme example, yet this is the sort of thing we are doinz when we in- 
crease the length of the present locks, although on this much smaller scale 
the effects are not nearly so obvious. In making such an increase we would 
undoubtedly be increasing the capacity of the locks per transit, but we would 
be doing so by increasing the total transit time required to complete a 
passage. Increases in traffic capacity would have been gained at the expense 
of the user, which is precisely the opposite of the effect we are trying to 


achieve. 


Conveyor Belts and Marine Railways 


This category includes all those devices which would increase the 
traffic handling capacity of the locks and reduce transit time past the 
locks by enabling vessels to pass directly over the dam without passing 
through the locks themselves. These devices constitute a valid attack 
on the problem of reducing congestion in the ship canal since their cost 
wlll tend to be defrayed cr obviated by the benefits to the public that 
accrue in the form of reductions in travel time. The most serious general 
objection that can be brought to bear against this class of devices is that 
the rates at which they can handle traffic tend in general, to be rather 
low. An artist's conception of one such device, a conveyor belt (8) for 


small boats, is shown in Figure 8. 
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Note in this figure that there are two lanes of traffic, one each 
way, that the belt slants up out of the water and over the locks and (al- 
though not shown) must pass into the water again on the other side of the 
locks. Any marine railway or ccnveyor belt system would have these zeneral 
features. Provision would need to be made for traffic in both directions, 
subaqueous supports would be necessary either side of the dam and a center 
support would be necessary at the dam itself. 

Marine railways (cr shipways) are a traditional means of moving 
vessels over cbstacles. A marine railway installation at the locks would 
employ wheeled boat-carriers (cars) running cn rails. The rails would of 
necessity run into the water deep enough on either side of the dam that 
vessels could still be floated into position above the cars, even at the 
lowest lake level or state of tide to be expected. When a vessel is in 
position above a car, necessary docks would be adjusted to fit the craft 
and then the car and craft would be drawn up over the dam to the cther side, 
the craft floating free again as the car passed cnce more into the water. 
Since the tracks, both up and down over the dam, would be a continuous oval, 
the car would then continue around and either pick up a vessel traveling in 
the opposite direction or be passed over the dam to the cther side empty. 

The most notable feature of marine railway cars is that boats are 
Supported in them by means of chocks and pads. Since there is an almost 
infinite variety of hull forms, these chocks and pads must be fully adjust- 
ableand must be adjusted to fit each individual craft as it passes from 


aqueous support to the support of the railway car. This adjustrent is a 
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time consuming procedure. It is difficult to conceive of a vessel being 
positioned over a car, the chocks and pads being adjusted and the vessel 
being lifted clear of the water in less than 5 minutes. Ten minutes would 
probably be more likely. If such were the case, the traffic handling capa- 
city of a marine railway would then be between 6 and 12 vessels per hour 
either way. Since the small locks have been known to handle as many as 

48 vessels per hour, a capacity of only 6 to 12 vessels per hour would 

seem to be rather small. Considering that at any one time the majority 

of traffic passing the locks is traveling in only one direction, it would 
require about 3 lanes of marine railway, plus one return lane, 4 total 

of 4 lanes, to match the capacity of the existing small lock. Now ecnsi- 
der the transit time across such a facility. If it takes 5 minutes (a 

very conservative estimate) to adjust the chocks to a vessel and lift it 
clear of the water, another minute for the vessel to pass over the dam and 
then ancther minute to get the vessel clear of the railway car and floating 
free, a single trip would occupy about 7 or 3 minutes. This is a great 
improvement over the transit time experienced in passage through the large 
locks during times of heavy traffic and justifies further investigation of 
such an installation in spite of its low traffic capacity. 

One cther factor that must be considered about the marine railway 
is that it can be adapted tc handle very nearly any size of vessel. 
Reference to Table '} shows that the averaze length of pleasure craft in 
seattle was a little cver 33 feet. This same table shews that even among 


the larzer classes of pleasure craft, (cruisers and larze sailing craft), 











the average lenzth is under 4O feet. The suggesticn implicit in this is 
that a marine railway could accomodate by far the majority of all craft 
now passing through the locks. For these reasons the feasibility of a 
marine railway installation will be considered as part of this thesis. 

A conveyor belt (&) of the sort illustrated in Figure % dces nct 
have the limitation of chock and pad adjustment that was imposed «pon the 
marine railway. This type of installaticn has a different limitation. 
Craft passing over it must be almost completely flat bcttomed. Craft hav- 
ing large skegs, struts, screws or keels, as have inboard motor craft and 


most larze sailins craft, could not possibly pass over a conveyor belt of 


the sort shown in Figure 8. Craft which could pass over such an installa- 


tion would be outboard or outdrive motor boats (the motors and/or propellor 
units can tilt up to where they are completely out of the water) and small 
sailing craft (most of which have retractable center boards or leeboards). 

In order to use such a facility, a motor boat or sailboat would 
Simply maneuver until it grounded on the moving belt, was lifted out of the 
water, up and cover the dam and back down and into the water and flcated free. 
Boats could come onto the belt cne after the other as rapidly as possible. 
A trip past the locks via such a device would probably cccupy no more than 
3 or 4 minutes, and since boats could be handled cne immediately after the 
other, a one-way traffic capacity of as much as 60 vessels per hour could 
be realized. 

Inspection of Table 4 indicates that outboard mctorboats and small 


sailing craft combined total only about 23% of the total boat population. 
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Nevertheless this sort of an installation is considered by the author to 
hold enough promise to be worthy of consideration herein. 

One conceivable extension of the conveyor belt idea would be a 
double conveyor belt with a separation between them, possible slanted in 
to form a V.. Such an arransement might possibly permit transfer of inboard 
powered craft and larger sailing craft since the screws, struts, skegs and 
keels could then protrude down between the two belts. Unfortunately there 
is no guarantee that such a belt would support a large craft over great 
enough an area to prevent damaze to the hull. In short, such a belt would 
not necessarily conform to the hull of a vee-bottomed or a round-bottomed 
boat in the way that a single flat belt would conform to the hull of a flat- 
bottomed boat. This problem however, is a design problem and not an economic 
one. Since this thesis is intended to consider problems of economics rather 
than of design, some consideration will be given to the economic feasibility 


of such a double-belt system. 


Construction of Additional Locks 


The last category of possible measures to alleviate congestion 
that we shall consider will be the construction of new additional lcecks. 
This solution is the one that instinctively ccmes to mind when one con- 
Siders the problem of how to reduce congestion at the locks. Obviously, 
bulldinz another lock increases our capacity to move vessels past the lock 
complex. Our reasoning has already indicated however, that sneer increase 
in capacity to handle vessels does not necessarily confer any benetit upcn 


mie public. It is difficult to justify any expenditure of public funds 
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vnless some benefit accrues to someone. In order for such a benefit to 
accrue there must be some increase in the convenience to loc users. The 
obvious benefit is reduction in travel time to those transiting the locks. 
Implicit in our previous discussion of the effect of increasinz the lenzth 
of the already existing locks was the suggestion that the more vessels that 
are locked through simultaneously, the greater the boat handling and adminis- 
trative time involved and the szreater the transit time. This would mean that 
in order to achieve savings in travel time, lock groups should be kept small. 
This would suggest that the most beneficial sort cof a facility would be 
another lock of the same size or even smaller than the present small lock. 

We now have a number of conflicting criteria bearing on the problem. 
We have seen (Figure 6) that we may expect upwards of 57,000 pleasure craft 
to arrive at the locks in 1970, and this is a relatively short ranse projec- 
tion. A new facility must be capable of handling the traffic load of this 
period as well as being able to perform a useful function under the traffic 
loads of 10 to 20 years hence. This would tend to influence us toward selec- 
ting a larger lock chamber in our proposed facility. Simultaneously however, 
we must not forget the problem of water usage. Will enough water be availa- 
ble from the Lake Washington water shed to handle this traffic load? A 
larger lock chamber, even at shallow draft, tends to use excessive water, 
particularly during those lockages in which relatively few craft are passed 
through. 

This problem of selecting the correct size for an additional faci- 


lity will be considered in detail in this thesis, and the selected type of 
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facility analyzed for its eccnomic feasibility in conjunction with 


other types of congestion reducing proposals under consideraticn. 











CHAPTER IV 


THEORY AND METHOD OF ATTACK 


The Economics of Public Finance 


It is a senerally accepted dictum of public finance that the bene- 
fits accruing to the public as a result of expenditures of public funds 
must be greater than the amount of those funds expended. This principle 
is basic and has received almost universal acceptance. Perhaps the best 
known and most universally used technique for comparing the benefits accru- 
ing to a project with the costs incurred by it, particularly in the eccno- 
mics of transportation, is the benefit/cost ratio, and it is this technique 


that will be used in the economic analyses of this report. 


Benefit/Cost Ratio 


In its simplest form, the penefit/cost ratio may be stated as 
follows: 
(1) Benefit ‘Cost Ratio = B/C 

This relationship is equally true no matter whether benefits and costs are 
calculated as total accrued and incurred benefits and costs over the entire 
service life, benefits and costs per annum at any point during the service 
life, or as the present values of benefits and costs to be accrued and in- 
curred in the future. That is to say, that when done properly, precisely 
the same numerical results are obtained no matter whether the calculations 


are carried out upon an anticipatory end of service life or annual basis. 
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Since the calculations tend in general to be somewhat simpler, the bene- 
fit-cost ratio will be calculated on an annual basis herein. 

In a somewhat simplified form, the cost of building and operating 
a public facility might be expressed as: 


(2) Gis eR Moa 6 


ii 


where: 

C = annual operating cost 

P = invested capital 

R = capital recovery factor 

M = annual maintenance cost 

QO = annual operating expenses 
that is, the annual cost of operation is equal to the cost of amortiz- 
ing the investment plus the cost of maintaining the facility (repairs, 
preservation, etc.), plus the annual operating charges (labor, costs, 


fuel, etc.). The composite equation, restated is: 


pea: eae 
PR + M+ O 


This statement of the benefit/cost ratio, while quite reasonable 


(3) B/C = 


and simple, is not usable in this thesis tior a number cf reasons. The most 
serious of these is that the author does not feel ccmpetent to estimate the 
cost of any of the proposed facilities. In addition, there is very little 

Way Of knowing, except within rather wide limits of error, what the cost of 
maintaining and operating one of these facilities would be. Various simpli- 
fying assumptions must therefore be made. The first cf these will deal with 


maintenance and operating costs. 
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It is reasonable to assume that the annual cost of maintaining 
and operating a facility should not exceed some reasonable percentage 
of the invested capital. Another way of stating this is that if a faci- 
lity has a relatively short service life, the annual cost of amortization 
may be quite high in comparison to maintenance and operating costs; where- 
as a facility having lengthy service life may have maintenance and operat- 
ing costs considerably in excess of the annual cost of amortizing the 
original investment. In both cases however, the maintenance and operating 
costs could be thought of as being some percentage of the original invest- 
ment. If this percentage were assumed to be more or less constant, the 


benefit/cost ratio could be restated as follows: 


Jo = —— FB 
(4) Be PR + kP 
IO = B 
(5) ae Pp (R + k) 
where: 


k = maintenance factor 
One consideration favoring the rationality of such a simplification is 
that various types of facilities obviously differ one from the other in 
their maintenance requirements. Such a differentiation can be accounted 
for by assigning various values to the maintenance factor k. This proce- 
dure will in fact be adopted herein. Obviously, those proposed facilities 
such as marine railways and beltways, having numerous moving parts exposed 
to the action of salt water, might be supposed to have a greater relative 
maintenance requirement than a masonry structure such as an additional lock. 
The various values of k that will be employed in this report are tabulated 
for convenient reference in Table / along with other appropriate economic 


constants. 
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Even the above simplification does not eliminate the problem of 
our inability to estimate the principal that must be invested in order 
to construct one or more of the proposed facilities. We do know however, 
that if a facility is to be marginally useful, that is if the venefits 
eccruing are only exactly as great as the cost incurred, the benefit ‘cost 
ratio will be exactly equal to one. Rewriting our expression for benefit/ 
cost ratio with the included additional criterion that the facility must 


be at least marginally useful: 


(6) l= ey 
os = 
J = (1/R-k) B 
(7) K = 1/R+ k 
(8) J = KB 
where: 
J = justifiable cost 


In this series of equations, the symbol J has been substituted fcr the 
symbol P. The thought behind this is that in previous expressions, P 
represented the actual cost of an actual facility. In equation 6 and 
subsequent expressions, the symbol J is used to symbolize a justifiable 
cost," which may be either more or less than the actual cost, but is the 
maximum cost at which the facility would be economically justifieble, that 
is, marginally profitable. The critericn for actually constructing such 

a facility then would be: 


(9) JI>P 
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TABLE 7 
ECONOMIC CONSTANTS AND FACTORS 





Facility : 

Marine Marine Additional 
Railway Beltway Lock(s) 

OmL5 Cre Gnn.0 

5% 5b 5% 

ee ey) 20 

0.0710 0.0710 0.0548 

0.2210 0.2710 0.1548 


bee> 3.690 6.460 
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The facility should be built whenever the justifiable cost of the facility 
is equal to or greater than the actual cost of building the facility 
granted that no more advantageous use of available funds exists. In 
addition it will be noted that in equation 7 the quantity K is defined 

as the reciprocal of the sum of the capital recovery factor and the 
maintenance factor. This factor K is of course dependent on the interest 
rate and service life associated with the facility as well as upon the 
relative rate at which the facility will require maintenance, and will be 


unique for each installation. 


Interest Rate and Service Life 


At this stage in our reasoning we are brought to a direct confron- 
tation with the problems of interest rate and length of service life. There 
is @ general, although not by any means universal, agreement among authori- 
ties in the field of public finance that interest must be considered to be 
charged on funds obligated to public works. As to what rate of interest 
Should be charged there is no agreement whatsoever. Arguments have been 
advanced in favor of using interest rates as high as 15 or 2 percent. 

A very strong case can be made for the use of interest rates between 5 and 
10 percent. On the otherhand, it is an obvious fact that governmental 
agencies are actually paying interest rates varying between 2 and 5 percent 
On monies they have borrowed. In this thesis an interest rate of 5 percent 
will be charged on assumed investments. This is reasonably liberal, that 
is to say it favors expenditures of funds to a greater degree than would 


some higher rate. At the same time it is certainly a more realistic figure 
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than some minimal rate such as the 2 to 5 percent charged on government 
bonds, and much vetter than charging no interest whatsoever. 

Just as the selection of interest rate wes based on judgment, so 
too must a judgment be made cf the service life we may expect from the 
various vroposed facilities. The necessity for this is cbvious. When 
the cost or a facility must be recovered over a relatively short period 
Of time, the annual ccst of the facility may be quite high in proportion, 
even though the total invested capital may not be as much as that required 
for some cther facility having a longer life expectancy. In making this 
judgment of service life we select either the physical service life of the 
Pecaliity, or its life of economic utility, whichever is the shorter. It 
is ridiculous to assign a service life of 50 years to a facility which 
will be economically obsolete witnin 2O and conversely cne may not justify 
@ service life of 50 years on the basis of continuing economic utility when 
in fact, the facility will physically disintegrate before this term is 
fulfilied. 

In the specific instances at hand, we have several facts to guide 
Our judgment. The first of these is the demonstrated fact that the present 
installation at the Hiram M. Chittenden Locks has already had a physical and 
economical useful life of nearly 50 years. Quite obviously an additicnal 
lock would have a physically useful life at least this long. Unfortunately 
we are not so sure that the economically useful life cf an additional lock 
would be this great. Based entirely on the fact that pleasure boating is 
On the increase, the author feels that using a figure of 50 years for the 


service life of an additional lock is within the bounds of rationality. 
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All of the cther propused methods .f reducing conzesticn at the 
Means which are under analysis here, are of a tyre which we instinctively 
feel will have a considerably shorter service life than a mascnry structure. 
Marine railways and beltways, have numercus mechanical and metallic parts, 
mmoein the case of the beltways, the belting itself is a ranidly detericrat- 
ing material. since all of these parts and materials will be continually 
gupjected to severe use, weatherin: and the corrcesive action of saltwater, 
the author feels that a practical physical service life .«f nc sreater than 
oO percent of tnat assigned to the masonry structure may te expected cf 
meee Lypes Of installations. Im consequence cf this, a service life cf 
e> years will be used for all facilities other than the proposed additicnal 
lock. 

It would be well to mention here that in making these estimates 
memincerest rate and service life, the authcr is taking no undue liberty. 

In all varieties of eccnomic analyses, with the excepticn cf a very few 
limited cases (such as facilities built with the proceeds cf e bend issue, 
and facilities of a type havinz a well-established service life), these 
Walues are based cn judgments made by the analyst. 

Nuw that an interest rate and service lives have freen settled wpon. 
the capital reccvery factor R may be taken from any standard table ‘f ec: - 
nomic series. Values of the capital recovery factor that will be assvciated 
with the various facilities under consideraticn are shown in Table =. Als 
in this table is shcwn the summation cf the capital recovery factcr and the 
maintenance factor fcr each facility and the calculaticn f nh, the ccnstant 


defined by equation 7 and appearing in equaticn © 























Determination -f Penefits 


So far inthe develupment $i cur approach to venefit’cust analysis 
we have nct touched upon the qiestion of calculating the benerits that may 
Ibe expected to accrue through tne installation cf some new facility. One 
approach to tne calculation of these benefits commonly used in benefit “cust 


Studies cf land transportation facilities is : 


(10) B= WAt + AH 


W= willingness to pay for time savings 
At = time saved 


Ad saving in cperating costs 


The benefits here are ccnsidered tc de compounded frum these beneits 

iat accrue due to savings in the time necessary to travel from an origin 
ti a destinaticn, and those benefits thet accrue dve tr a lessening of the 
@eural cost of oneratin: venicles on that facility. “ance the quantity of 
time savings is usually easily calculated, the tctal time savings are ex- 
Pressed az the quantity cf time saved multiplied by a fuctor sometimes 
Called tne willingness to pay.” This “willinmess to pay is the wertn 

Br the public's time exclusive of any censideraticn of the vehicular vuperat- 


is to say tnat 


) 


ing costs. Another and pernaps better way cr putting thi 
this is the ancumt of mney that tie raticnal econemic man shculd be willing 
to pay for an hour's saving in travel time. The term representing saving 


in operating costs that appears in equation 10 is usually assumed to be 
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principally dependent upun tne distance that is saved ty installing a 

new facility. In actual vractice, benefits counted under this term are 
usually fuel savinzs. The author feels that such a statement, while 
admirable for its simplicity, dces not reflect completely the true state 
Meeeatieairs. The cost of cperating a vehicle is not due to ied costs 

@lone but is a combination of fuel costs, lubricant, zeneral rereir, 

Spare parts, depreciation on criginal investment, insurance coasts, and 
miscellaneous expenses. Of these, very obviously fvel and lubricant con- 
sumption depend on the distance traveled. Depreciation, insurance, zeneral 
repair and spare parts also should, in general, tend to be scme function of 
distances traveled. Since the actual savings in distance traveled are a 
munetion cf the time savinzs, given some average velccity, all quantities 
mavOolved in expressing benefits must be some function cf the travel time 


involved. This general concept is expressed by equaticn ll. 


(11) Rea w f+ Ate ( AMAAr. AD. Als, AL) 
where: 
AM = savings in maintenance costs 
AF = fuel and lubricant savings 
AD = savings in depreciation 
Ale«= savings in insurance costs 
S = average speed of travel 


AL = savings in distance 


Meee (Wy Mk, 0,0 meee) 


oo 
ey 
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Meemerocce)> t.i& ten we mast accept tne fact what t'.e bene.ity mas 
@ueeorecsed a5 tne savin.:s in trevel time milti} lied by seme Tuictien 
eee Willinmess tc pay for time savin7’s, savinss in naintenance cists, 
Puel savinss, savin;s in depreciaticn, insurance, average speed and 3av- 
Mee CQ iceance traveled as shuwn by equaticn 12. This rather complex 
metion must shen equa, tie cumulative value 2f time scavingeat. Ve gmblic, 
duding all consideratiuns cf she worth cf time itself as well as vehicu- 


memopersting costs, etc. 


(13) a eee? Ty: 1 s.39c 4.) 
Zoere: 
V = 7COne Value oct tlie 
eoen: 
(14) B= V4t 
and : 
(15) J = «Vat 


This leads tc the conclusion, expressed by equaticn 14, that all benefits 
Mecruing tc the new facility may be expressed as tae quantity «fr time 

ings multiplied by the value cf time t the public. When this expressicn 
benefits is substituted into equaticn ., the ex’ressicn shcwn as equa- 
tion 15 results. In this equation the justif:able costs cf a new facility 
fis equated to the product cf the time savinzg realized through thewfacility, 
the value cf time tc the users cf the facility, and a factor dependent upcen 


interest rate, service life, and relative maintenance custs. Tris is tne 




















final form that the expression cf senefit’cost analysis shall take in 
this thesis. 

Values of the factor K are already evailable in Tsble G. The re- 
maining tasks of this thesis, as rar as evaluvatin; the econcmic feasibility 
ee cne proposed imprcvements at the Hiram M. Chittenden Locks, are to 


establish the numerical values of tne two factcrs V and t. 


Method of Attack on the Value of Tame 


Whet is the value cf leisure time”? Very cften when a man engaged 
in some leisure time activity is asked this question, he will blithely 
reply nothing." Is this true? Is leisure time worthless? If so, we 
shculd be willin.: to give up our leisure time, devrtins these werthless 
hours to more preductive pursuits. Yet how many people would be willinz 
to give up these hours that they consider to be worthless? 

Even durin’ che productive hours of the day, t™e value cf time is 
difficult to establish. The fact that a man is paid a set hcurly waze does 
BOG mean that his time is worth precisely that. A man must tettrn tc his 
employer some additicnal value cver and abdcve his wajze if he wistes tc 
remain in that employ. We might then say that the man's time is worth 
his wage plus the profit he produces tor his employer durin= the period 
Of that waze. Under any circumstances we have established this value by 
use of the marketplace" technique, that is usinz the actral mecnetary 
sale yrice of labcring time in tre cpen employment marret. 

It would be difficult to apply this #@thed tc leisare time. "There 
would certainly seem to be no way of attacliing a dcllar and cent valie to 


time spent in commlete idleness. This problem, while |er aps inscluyhle, 





fs at least not wnaprroaciable. When men pay larve sums «f mney 



















purchase elaborate equipment t assist trem in the enjicy..ent .. a reiatively 
@eeenours Of leisure time, the wind instinctively leaps tc + .e conclusicn 
these men mist consider their leisure tine to be quite valuable. 
Fortunately perhaps fcr the purooses cf this investijaticn, the 
Value of leisure time to those wic chose tu spend this time enzazed in 
yachting and water sports is bounded sy a few definite vcarametlers. Ti.ese 
meee Spend some definite amcunt <1 mcney cn the -wods and *‘ervices tnat 
meee them to enjoy these pursuits, and they spend seme dein: te murnber 
Meercurs actually engaged in enjcying the fruits cf tuese expenditures. 
Memre immediately led tc the ccnelusicn trat if fcr any tTarticular yachts 
mn, we divide his tctal expenditure for beating so-ds and services vy tre 
tOval annual time he spends enzazed in voatinz activities, we would nave 
POr that partici.lar individual an index representative cf the value te 
Mees Cn his leisure time. If this were dune repetitively fur a Same 
Meeencush or of such a ccmpcsiticn to be representative ol the general 
boat population, we could develeo a fizwre indicative .f the valve i time 
to the averaze bvatiny; enthusiast. 
Let vs now consider the case <f a yachtsman whe, havinz ex endea a 
Considerable amount cf mcney to purchase a boat, accessories, Tuvel, mocrave, 
@tc., is denied the vse of this investment for scme reasun cr ‘ther. Let 
us fcr instance consider tne case of the yachtsman, m-ored in Pcrtace Fay, 
who wishes tc spend a Sunday eafterneon cruising Puset wund. If trere were 
no other boats waiting at the locks, ne might reascnabtly expect to be passed 


Out through the small lock in frem 5 te 190 minutes. Mien Ne returns thet 


























Meet, if there were nc cther traffic present, ne might expect an ther 
quick trip through the locks back to his moorage. Fer a four or f‘ve 

hour cruise cn Puget wcund, he might then expect to spend 15 cr O winvte:c, 
5% or 6% of the total time invclved, in pessing tc and fram thr-u6h the 
lecks. (There is no need to consider the time invclved in transiting the 
ship canal since he would have to travel tiis distance even if tre lakes 
and Puget Sound were at the same level and no locks in between). Let us 
Memeo from this idyliic picture tc the actual situaticn. Necavse cf 
eae heavy concentraticns cf trafric at the lIccks cn ‘unday atternesns and 
evenings, cur yachtsman will most probably be forced *o -:se the lar-:er 
Meek, spending nerhaps an nour and a half traveling either way. Vr 
wachtsman is now spending as muci as 40% cf his time transiting the lecks. 
@mecead of 15 cr 20 minutes cein; taken up by these passazes he muct srend 
Mepours there. Tunis is an increase cf cver a! Hours 3 

Now consider the mctivation waich criginally vewmapted tiis yacs=te- 
man to seek passage throuzh the locks tc Puget ‘cund. as he principally 
interested in the placid pleasures :f salt-water cruising, .r did he wis” 
to pass throuwsh tlie locks because ne likes to fass thrteugn lecks? It is 
very dcubtful indeed if our yachtsman secs to rass throevsh tne lecxs sinm- 
piy to experience maneuveriny the crart to keep from vein; jostled, bumped, 
Cr even rammed by some 50 cther boatmen. Fcr mest yirpeses, the Vine that 
@ yachtsman spends at the Iccks are a total loss. tivery minute there Is a 
minute in which he is unable to enjoy the recreaticn he is really secking. 
Excessive delays in passing through the locks represent a distinct dis- 


service to the yachtsman. Since we can easily demonstrate tliat the avera se 
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yachtsman spends some given amount of money per hour in pursuit of his 
Sport, it would certainly seem reasonable to assume that when he is de- 
Wayed an hour in passing through the locks, the disservice he is thus 
cecasicned is at least equivalent to this amount. 

Since the method of quantifvinz the value cf time used herein, and 
Gonsequently the accuracy of any nuserical results preduced, is dependent 
upon this argument, it would perhaps be well to state it mere formally. 


Such a statement is as follows: 


(16) Vv, = E,/T, 
Woere: 
MG = the value of time to some individual yachtsman 
Cy = expense of cwninz and operating his specific vessel 
qT, = time spent in using that vessel 


This equation states that the yalue of time will be considered as approxi- 
mately eaval to the total excense of owning and operating a crazt divided 

by the number cf incurs spent using that craft. W te tnat we say that the 
value of time is cniy approximately equal to this function. Referring back 
to the derivation cf equation 14 it may be seen that the valve of time is, 
as defined herein, a functicn cf the willingness to pay for time savings 

as well as beinz a functicn cf? those factcrs wrich contribuve to the ex- 
pense of ownership and creration. Obviously no consideration is given tc 
the willinmess to pay for tiue savings in equation 16, and fcr this reasen 
the value of time can be only ccnsidered tc be aprroeximated by the procedure 


of dividing expense by usage time. 
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Statistical Methodology 


Thus far in our development of a methodology for quantifying the 
value of time, we have settled upon en expression (equation 16) which will 
permit us to calculate, at least approximately, the value of time tc an 
individual yachtsman. We have also menticned that if calculations cf this 
sort were carried out for a large enough sample of pleasure craft to be 
representative of the seneral boat population, then it would be possible to 
develop by some statistical method a measure of the value of time represen-~ 
tative of the general populaticn of pleasure craft in Seattle. It is 
therefore appropriate for us to now give some consideration to statistical 
methodology and to what statistical measure will be used to indicate the 
Value of time to the general bcat porulaticn. 

The idea of usin® an averaze or mean value immediatcly leavs tc 
mind. This is in fact what we will do but we will use a weighted everaze 
rather than a simple cne. 

Consider the case of two beat cwners. Both cf them spend identical 
amounts each year to cwn and operate their craft, but the first one (owner 
A we shall call him) operates his vessel «ne thousand hours a year in conm- 
parison to owner B who cperates his only cne hour each year. Two facts are 
immediately obvious. First of all owner B tmust be assigned e value cf time 
a thousand times as great as that which will be assigned to cwner A in 
accordance with the expression we have developed to express this value cf 
time. Secondly, we see that cwner B contributes toe the zeneral trarfic 
pattern only cne cne-thousandth of the amount contributed by owner A. If 
we were to take a simple arithmetic mean cf the value of time to these twe 


owners, the figure thus obtained would be heavily influenced by the excessive 





ee 2. 





















meee ol tine to cwner 2 who cBhritributes cnly nevlititay té tie traffic 
Meoolem, and whe oy inference will wseceive i nly negligivle Lene“its from 


Metistallation of any facility te relieve traffic congesti-n. Je it~ 


meeve such an ancmelius situation and tc insire that tae figire develoned 


Meecne Value of time is truly representative YT this value ®% the user, 
Mmmeeconoribiuticn to the congestion prcplem. This could be dine by miti- 
Meee tne value of time Tcr each vessel investigated, as calciiated by 
€quaticn lt, by the amount cf time that each .wmmer spends «ving that vesitel. 
@hese individually weizhted values cf time could then be summed up and 
Mereded by the sym cf all usage times repurted, thus preducin; avn aprr rri- 


mcely weighted fisure fcr the value cf time % the wrencral beat rownlation. 


meeerimathemnatics cf dvuing this are as Tcllcws: 
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where: 
V = weighted mean valve cf time te the jeneral 
boat pcpulation 
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From these manipulations we may see that it will never actually he necessary 
to calculate, by means ci equation 16, the valve ~f time t anv indivitual 
yachtsman. Instead we merely need to sum vp all «wnersal! and cperatvicnal 


eosts for the vessels under consideration and then divide tier by the tctal 



















ee cane (Cr the “ame vessels, the reswht gf this ®Beraticn veing a Yizvre 
Meprcyriately weichted for each vessel's contribution tc the traffic pr: blem 


and representative -f the mean value of time to the veneral voat population. 
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oeeee :.ttack On “avings in Travel Tine 
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Pi eqacion 15 thes fistifiable ecst of investment in a racility 






me held tc be equal tc tue preduct of a constant mltivlied py the value 
Moecime and then multiplied again by the savings in travel time thus achieved. 
Appropriate values of the requisite constant nave been calc lated and are 
@vailadle already, and we have established a methodelozy fer quantifyins 
the vale «i tine. The cnly task yet remaininz in cur ccnsideration of 
the ry necessary to this investizvation is the develcument 22 a prcecedure 
mer estavlishin: she wasmitude cf the time savings t’.at wivld be cccasioned 
by the installation cf a new facility. 

Tiesreya tC developint suct:.a preeeedure lie firs @f all in te 
mecure cf the quantity we are seexin= tc establish, and seccndly in the 
meerall traffic yattern and pattern of tperaticn cf the locks. The qwan- 
Baty we are tryin’ to establish is the amount cf time that weuld be saved 
By installation cf a new facility. The overative word here is saved. It 
would be conceivably possible for us tc calculate the total travel time 
involved fdr all vessels nassinzs thrOuzh the locks in scife Fiven yeriod -f 
time and then recalculate the total travel time that would be ccecasicned by 
the passaze ci the same nurnter of vessels auring tiie same pericd of Time 
Barcugn tie leeics with the additicnal facility in ;lace. The dirtfe®eénce 


in these two quantities would then be tne saving in travel ‘ine echieved 
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where: 
T = tetal travel tine thrcugh rresent facility 


=) o@lal Travel cine Corgieexmanded Laci ity 


eee. Clearli? Le Vittee ztteretion so iyect’ a pr:ced reo ‘if the syviae 
Meevel tine were calevlabie directty. 
ere cre, ween «veraticn; 24 gae locns vere bein. S¥ece Gced, it 


Meee Shot weat concen rabiods of trefiic tend t Mee r in le wte 
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Maen 8) oftern™ nt «rd early evenin Wht -eekerids and adM@de@ys end that 
Peeewnodgcc tnewe veaxs in tr@ftic, tne lLarse icce :!s rnrested unto jervice 
Mee T2tC Gl grr vals exceed; ve treafric nandlinge cepacity -f the @mal 
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This wetter of events previdce the secdnd key to <ur develiiimer: I 


Benodc omy ccs ta® quantification @f savénwes in travel time. -ver the 
casa’ observation of the records kept at Hiram ?’, Chittenden Lockr 


'Selpeeitately that there wre verv few ve sels ?Rnd virlweai yy 16 vjbeag@re 
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Mmim@ity at the locks wowld be to drain off tratg c fren tome ier ce becke 

ring @1e reriods cf peal overatidh. This saaplivies @dr waypeecn "ie 
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Memeeguacaticn stgwer that the scv’ne in trave) tire way Te meltuieted oy 
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the presentoand e:mande? Peciaitecc. 


Beewer wimes Tor ail vessel? flassin 
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Now that we Wave carieted 6fr deveticewient 8f Siw Thedr7y cid Ge tina 
De attacx to be employed in the numericag»@nalyses incidene % this tient 
ould S€6n wead tc cummarize this Metuod “Tf ettacx ena Gy ict t.i.e Tie 
@eca MRE must ve cdllected 2nd evalvated in crder to Perwee sir telecteaa 
Mewech. In the crccess jf develcayin= equation .). since "AMIS eg imate - 
Meecne cost of imercvements at the locks waw beyond ‘the e@utome'?: capability, 
Beewas ccncluded that any fecility wiktich watiad be ut jleret urjarngily Bprefit- 
able would be considered justified and that the numerical analyses herein 
mould be directed t® te deterninatin vf the capit@l investment that ‘viseht 
Broperly be incurred in the installation -f Bveh a marcincelly Biviecaate 
maetiity. faving defined this carital cuthey for™ marzinaliy fprofitetee 
Secility as the jiastif'able ccst, it was determined that thi® tuct:fiavle 


iegst wanld be eaxal to the preduct of a cunetant dependent +wtn Service site. 






















> 


Meeress races and relative maintenance requirement) YE ve roe typed > 
Meriities; the value of time te those woc wevld benerit Irom tie new 
Meeewy; and the amount cf t me sgved as a resvlt cf the ney instellaticn. 
Mee Inade necessary decision; concerning its 1arsmeters, *..e chmstent X 
Meee rculated for the varicus tyres of facjlities snces cenjidemsitien «and 
ebulated in Table 1, The ‘ndividual value cf time V.. was then shcwn to 


Beene xineately equal tc the exrense ~-f -wning and .Weratin.: . vessel 


meocd with the time actually spent sins tnat vessel and tie apprifriete 


— 


Meeeecuical measure cf the vilue cf time tc thle Zzeneral boat! ndeowaticn 
meund tO be calculaole simply by dividing tne str of al) #wnerancr wend 
@eeecicnal costs by the sim @f all useage times. F nally tire time bevings 
tident to a new installation were shown to be dependent upon the nun- 
er er ves.eis diverved from tae fresent :a@ayrce Icck t tlle new Lacili®ty am 
me une difference between the ttre rea? red PF ra sidele epymn.it throm. 


+ Y ~ 


mee. 'Nelotee nae Campaced te “one preqent jarre leer. 


Ch 


fim cucntilicatigm yf the vive oy tage wigi te We eb; gears 
Bervyey ¢f beat owner: “y. tre Geathee eree. These awier: 182 fe quaéd atiied 
Meceein,g Boarnss shey .pend ~@ (eirciace ond .verate ther cPREt day tHe 


, 7 


mere they “penden that cverating. ven « FOFLicienk Meeet cl trtwer” | 


u -— 


GMP Lion ero 268 in Uri: s'trves t vetiect cdequé%ely se cums Gear 
meme cho Ss cB Lear siaticn, §t will ve Fee Bbie tO GeNermiine Toc Buehase 
et et WhiNe a beat end the verd te time “Gent ~win: t. JL will @Ben 

mempesctible & caleulate the d4vernse velue ol fine OP ebro 6. caw oes Be. 


Tne Ger We certify the tivte “avinge iat wh ce Secogdanel 17 


Mee instetMati~n «fr new fac lity, cv tinge wil) Geve 
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Meat, recurd™ at tie lilram MM. Cuittenden Lecks wink fave +) fe eieaifined 
mrorder tc determine the ienzth cf cine recnired fcc a bemeane Bircbh 

One lerse lock’ end the number of ves.els thet would Le @*’vertei rrem cthele 
Beoo 2 2eW facieity eech year.  ceccnd:y, iv whll @e neceseerly to efther 
meulate or e@timate tre transit whe ver each -f tee qummmaeed addiT Wane. 
Me iiit.ee. Given chese entering arguments, it wigl te 0&8 .ible t c2lep- 
bOlLai@ennua) Tihe Gevagnee oy; meens of equation Ae Teeec Thettres Ms / 
phen he Tre-suvse—ct tec in equetion 15, siving the jst: /igMee cist ci Toe 


eeopOle) facility dmrinz tne time fericd under conséadeyation. 
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SUANTIFICATICN OF Tit VALUE) SF TIMP 




















Data Collecticn Procedures 


+ 


Perey invevye ccursem@e Ci:c invesvignti-n Wie farms the 
mmeject Of tiis repert, it beceme ap arent tict wieatever Gat.iermtical 
Meeroac’ was eventually tc bce used, sdme m-netery value wold have t- be 
Meee Upon tne leisure hcrre spent ‘n the enJjoyrent cf Pe@etin:. Wyre 
Mevelopment cf 2 theoretical basis fer such 2c avartivicstion, tnd e methag- 


> 


eon CCoually exec utins it, were two cf the J¢ Sey OT Ged . 
Baez theory, olready presented in tre preeedin™ charter. inttested tat it 
mabe necessary tc deterqine how mmch varicus yaentsmen s enc in crder 


1 


Mee), OCOerate End raintain tmelr crazt, and ocw many moun, Der yeer they 
Spend enjcoyin; these investments. Tis;ure CA ig a rerroduct’on of tie cves- 
tionnaire vsed for this purpese. 


+ 


Fveluation cf “vestions and Answer- 
tt erly ct ne OT A A A An AE 


Simeure 95 contains a summary of the author's evyeluation or “ite Gie- 
Beacy both cf the questi:mngjre ajsed in condreting the gurver “neident ts 
mhis investiraticn and «af the ensver: weceived froevy this Varvew a3 well e3 
Phe us@Pulness cf these ansver,. (t the St Bubqesticn: teked, | are 
evalunted as useless, unnecessary, °r redundant. An additdinci 2.) #ut- 
Questions are evaluated as being |. no vse tc chis stivdy. This reans thes 


nalf of the questions asked in tnis turvey were absclutely #eaningiess as 


Perea@ tne Intent @f this investimatecn was ccncerned. 








Ss a 7 
a : ee Se 25) eS a Jo a i eee oe eee 
i : bi * . Fe F et = aT , : aes TF * ae ge i . 
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Are you interested in relieving conzested conditions in the Lake 


Washington Ship Cansl? In eliminating delays in passing threuch H. M. 


Chittenden Locks? —_ 


These problems are currently being studied by D. W. Harned, candidate 
fcr Master's degree at the University of “Washington. The vaper that will 
result from this study will contain an evaluation of various metnods of al- 
leviating these problems plus some uniquely new proposals. 


This paper may well be the only publicaticn available to public and 
brivate groups interested in the yachtsmen's problems durine the next 
several years. 


Help solve these problems! Fill out this questionnaire and return it 
to your yacht club or marina! 


Questions 4, 5, 6 and 7 are of extreme importance end should be filled 
Cut with reference to vouchers and receipts wherever pessible and to the 
very best of your knowledze elsewhere. 


l. Type of craft: (give brief description of hull types, sail riz, type and 
number of motors ur engines, etc.) 


2. Dimensions: 
a. Overall length includinz all projections & overhangs in feet & in. 
b. Overall width including all erejections & overhangs in ft. & in. 
c¢. Overall heiztht from waterline tc nicnest Prejections in ft. & gas 


Sp peers cnt 


3. Moorage data: 
a. Do you moor your craft in the water 
1. All year 
11. all summer with winter storaze on land 
Jii. seldom, launch and retrieve each ge ae 
b. Name cf bedy of water where moorase facility {fs lccated 
c. Name cf moorage facility 
d. Which launching ramp do you use’ 





et tine 


SS, ge, 








e. Rate you are charged for mocraze: —_ 
Tree 100t 
1i. are these per mcnth, week, day or vhat? 
ps Eee on A: ee 
f. Is your moorage covered? 





4. Date boat was purchased 


How old if used 
5. Comet of bame- 


OW oe etieine) Cost includine all taxes, reristration tees, value 
cf trade-in, etc. 


b. Estimate cf present net resaie value of boat (amount cf money you 


would receive) 
es 


new or used 
Se eee 





6. Maintenance costs: 
a. Estimate of total amount of money spent Curing the vast twelve months 

ter 

1. mcorage 

[1. maintenance & repair 
ink. tae _— 

iv. out cf water stcruze 

V. tenes and fees 

vi. leunching & retrievai 


SS ee ee 


Ue}: 


FIGURE on 





b. Estimate of tctal amount cf money Spent wil during time you heve owned 
Chis \Geerceicr, 


i, mocrage 
ii. fuel 
iji. maintenance & repair 
-V. out of water sta ae 
v. taxes @& fees 
vi. Jlaunchin, & retrieval 








Usage time: 

a. kstimate cf tctal munber of hours you have spent underway on this craft in 
the past twelve montis: 

b. Estimate of total number of Scurs spent underwey on this craft during all 


the time you have cwned it: 


bridze oneniny data: 

a- Does your creft require any bridze to be cpened ror its passage? 

b. Which ones? 

c. Number of times each cf the6e has been cpened for you durin: the @aer ‘ 
twelve montns? Since you have owned the creft? 











Locxaze data: 
a. Estimate of G of underway time spent seeward «f Ballard locks 
b. Nstimate of additional % of underway tine spent in transit to end from 
between the locks and your mooraze 
c. Is the center cf your boating interest to seaward of the locks? 
IN LAG) oer aie one Elsewhere? ame ene? 
_ whet is this interest? 
d. Estimate of averaze number of vessels inside the locks during a transit 
based on your experience 
ec. Maximum nufiver you have seen inside the lccks during oO Umemsit = 
Pf. In you op'nicn are the leeks tein: used to naximur capacivy in tines cf 
neavy trate 
“stimate of maxiuun number of vessels you have ever seen waiting to transit: 
2. Out throw Nesics = 
di. in thrush Die locks 


velays: : 

a. s#otimate of total numoer cf minutes Gelayed while waiting fcr bridge cpen- 
inzs durin; last twelve months. 

h.. Estimate of tctal number cf minutes declayea while waitinz in Jine at the 
leeks durin: la:t ‘twelve months. ‘not inciudinzg time actually spent being 
raised or icwered). 

Lite oO Olu 
1a! JeOnine = 1m : 

c. Maximum niuaner of minutes of delay you have ever experienced at the locks 
(not countins time spent bein; raised or lowered). 

Le 
li. coming in 
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are you considering mcvin: to sait-water moore ‘e? Why? 


* 
a 





hat facters world Influence yeu to mcve te selt-water moors .e? 
Do you oreler ¢ vered to uncovered mcvra.se? rea 


f eae “>? * re ory tle ~ 
~ AL I Cut i a 











Gue6 tion 





' “uestion @eesticn Ansvert 
uf ‘wre ves se. not mwecific loaner 1° 
cnowgt gu cistacter- 
eC Dimensicas somectory wxecelhent 
32 mnoora re Setbist&etory  exce)bent 
reriod 
3bed moocreve met @ktensive satdatgetc ry 
location enocwen 
cc mocmege rate satrefact-ry otaieetiegGe. 
3f covered redundant SOI sreetury 
mocra ze 
i, pumekeserdate caticfac tory cellent 
yr) Ori § .@@est varely satisf. barely satisf. 
30 resale value not extensive sntisfactcry 
ence: 
Se Annuogl main- ineomlcte me Sieetciy 


Fa 


Od ci 


10 


13.2 


Other possibly desiranle ques 


ware. is yor 


PVALUYTION CF CURGTIONS & dN MER: - 


wubdject of 


tenance ecsts 


enuc |. 
usese 


tare) 
usa7ze 


buidge 
cpeninss 


% time 
at sea 


boat nz 
‘nterest 


voats at 
gov't iocks 


Delays 


salt water 
rOoorgj7e 


Sait water 
mocre ge 


ecvered 
mocraze 


remarks 


WHat maximm tcl) would you be willing tc mBy to pass thromwgn tie locks? 


aur. 


mal@etion of 





,omee UOUry 


satisfretury 


{> 
3) 
oad 
i) 
Pa | 
{3 


SaVerae cory 
WInGSeesseary 
innecesseryv 
satisfactcry 
agiistfac SC Iv 


satisractory 


unnecessary 


Sacns : 


ineome* 


valuation of 


2pproag: imate 


Factory 


erratic 


Sati actory 


eceellent 


excellent 


excellent 


faeeeticus 





Lie 


oweluetion of 
Jiefuinee@s fn 


__ i delg  tudy 


=) 


tak i 
a2 U3 


cul 
ns 


,r @& 
zt 
' ~. 


wd 


SCM it icam 
“a Justament 


cwenere 1 
‘nterest 


none 


none 


11h 


noOEe 


imnmval tcwner- 


shiy eccst 


omerational 
costs 


snc 


mone 


senerc]) 
interest 


None 


Tene 


-“enere L 
interest 


yeneral 
interest 


rencre. 
‘interest 


none 


aT - 


Bey 45 Mme IG sigs) etal 


CAAT, CONG™ TION SURVEY 


“uggested Imrrovenents 


+ envine 
tt ae 
i* Say) Se te el 


lakes tor bt, ord 
fir munver &¢ 
silwec fn. 
mer hier. 


tyres with lcs 
‘f @nsines tc 
fuel weeese In 


The uler rather tn@n literal format. 


Gee Loeetor it’ pret. 


 . »5k residence locetion; distance * 


wel time to mcenage. 
A}1l rates menthly-elin 


cebv lr fortamct. KO hs, 9 
r@ve changed ard cost of fuel 


inate 3e, {ii . =o 
csk Yor insuirénce 
Ser gelicn 


Combine with question 23. 


Use tubuler formnet-combine with 4. 


subdivided inte»perts, tabuler svo7mmey. 






ALGO @SK vnaluc 7f cny maicr ea@pital if- 
provenents, how finented, interest rate 
an financing & macsimum interest rete on 


‘ther investments. 


for insurance ecsts - cross eneck 

vi date en insurance rates. noorage 

rater, Tuel wege & cos® and sours of 
creme tiv 


a wita guest LOD on major cepitel 


¢ 


me r. ee i 1@Y a at nes LOW Cet”) cvlon 
sail oe oo 





Also 28k fur engine-hcur meter read- 
ings; cress cneck with fuel usace date. 


ais. 
Crit-.ce aquestidm @ fer this purpeses 
We tobdlar format. 
mace « 


Retter date aveailecle vt Tocs. 


cr 


Thier etn servation & 


reconling. 


requires ¢ 


» St fee cre omesinis nowe in tabular fou 
Tey ch@ch =cameen : 


as 
omhine Seou.ar <cYimc. 


e@temm fer *7@ekinz. 


lise 


cr 


Cgeeine Vth 86, Jar" fae for chme t= 


an 


CPS 


pve 


.» 
(= 1 
w ean s 





























other substantial group of questions and subquesticns ere evaluated 43 
meenly Of general interest. The results af these particuber cuesticns 
tended to substanticte subjective conclusions of the author on tnese parti- 
cular points. The teneral ecnelusicn to be drawn from this is that the que.- 
tionnaire could have been halved or quartered in size, prodncins a mich 

meer and cheaper form, without the loss cf any 3ifmificant deta. 


4 


pifure ©2 also tabulates a niv.ber of su..esteli nossitle inrrovesernts 
Meee guesticnnaire. The cencensus cf these is“tiat @ tabhiar rater ‘San 
Meemeeral format shovld have been used in ashkinz the qresticns ond the de- 
sirable answers should heave ween listed for chneckin;. “uer + rrecedure 

uld Mace Geta reduction from thi Cory ccnsiderasly auisker ond would yidal= 
bly Bene tO inerease the reliability cf tne ¢nswer cbtuined. Ame. r twee 
extremely desirable questions were cmitted, such a5 ecst of insurance on 

Mac surveyed. In addition, there are a number cf additional cuestions on 
Bubqvestions that nis..t be inserted in a study of ths tyve whica would ena- 
ble certain additional statistics to be develo-ed if such were desired and 
Meee Pet cross-checiin.; of some of the values af cwnershir cdst.aind of 
usace time. 

Tables °, 3, dO and 11 contain Tebuletions @f the ectuol rew~ts 

Gf the survey for these questions which proved to be reatonadly cuccesfivl. 
Mable 12 is a summary cf the result of those questicms not ecneerned witil 

ene calculation ot the valne cf time. These results illustrzte the jeneral 
terdency to spend consideravle percicns «f time t& Jeawerd cf the Worarn 
Chittenden Loeks the senercl vreference for fresi water moora;e ‘n selt- 


x 


Water creas, cverwrelnin;s preference among inboard Sctcr craft cwers ror 





ae 
whe 
a 





TABLE of 
TABULATION OF RE ‘ULTS 
WASHINGTON (NIP CANAL CCNG2STION SURVEY - OUTBOARD RUTIABCUT?S 











Length Perica™ Nea Usage “% time % time 3clt! a. Veu 
ea in water ownershiv "ours ét sea iceks tc wetcr Gia 
cost & _.  mocrage —- |. ogee 
io. 1 261.5 360 yo ) \ ou 
m0 a B57 00 LOO 50 e > 7 
iv’. Oe Tk Oo 109 : c. ay a 
1G: 0 (es 2.00 130 re 6 i © ) 
20.9 ; 156.09 fo 0 » | 
Oo i = i: 2S Omm a |: Fe Be 
co 1-7 i-" 1-7] 
ye gre = 325.10 52.4 30.4 3.2 a oe 
L. CCDE Dl Rew Lee 
an Moored in waver year rounc 
e ~bcred <n land in vinta 
. Stored cn trailer, launch and retrieve 
L Presently ecnviderin: moving te salt-weter mec r7ze 
5) Already moored in salt-water 
GQ Hot considerine mcovin> to snlt-mater 
if Micht consider moving to aelt-water 
ai VYould never consider m.vinz to .alt-weter 
- Prefer ccvered rmoors ;e 
10 Prefer oven moora.re 
ime Net apwidecable to my Treat 


@ Chl Clee. Val. ec, see Table 13 
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TAPL] 9 


TASULATION CF BEET > 
INBOARD MOTORBOATS 


fontiemnteahtiimatetll 









9g Length penicd a Usage % cime & time ale Cevered — 
eG: in water cwnership hours .& se@& locks to water meciace 7 
Costa. mocraze — mooruze 

41.0 H 2063. 300 75 ae 
43.0 1 3131. COO 5 c A 
35.0 i 5575. OO “ 
3€ .0 1 675 400 5 
30 .0 1 Ee 100 ) 5 
35.0 1 1643. 20) s) 
32.0 il Get 109 as 15 
36.5 ag ier ee ie 380 5 2 
60.0 1 30. 155 oa 5) 
De. 0 1 OLY 50 ) a 
34.0 1 3519 2.0 0 ) 
36 .0 7 aoe 1 209 75; ° 
5.0 i 4316 250 i 3 
BO-9 1 OnE 2.00 fs. c 
BO <5 2 Cas .3 oe y) ’ 
30 .0 ak ThA 5 200 69 » 
LG .0 2 33a 150 Ww? L 
2.0 : 5374 . 159 — a 
52.0 i aie 235 > y 
36.0 i 2518 LO 1D ae 
42.0 i oe. es. sa) 
30.0 . 236. ae m= 
25.0 3 723. 5 5 LO 
cD i W756 .F oe _ 

n1 (2h) ee.5 —_—? B34, 93.4 5693 anh’ un 


rp ecg a fC 0 EP A PC I TO 


38.9 = S6h1 38  2ofa2: Si. 5 | Re 
















. TABLE 10 
TABULATION CF RESULTS 
“MALE SATLBOAT 3 

: L C cf : re : i aL 

Length Feriod” Annual Usa:ze oo .ime. % eine sc1lt Covered ™ 
ro. Ene WacersCwneraiips Ours al: Sea cts ti. weber mcora ze 
COS6 a moc ra se -w roeze _ 
eared 5) 235 .25 250 L ig ay 14 
ee} 1, 656 £90 150 100 ; 5 i 
14.0 3 700 350 1 5 . rail 
TE50 3 2e°€ .O0 300 0 os Gay os 
(e817 3 7 oO as 70 10 ia) 
HO. 3 a) LOO %) a me 
as 3 35 3e5 109 10% Eg ee, 
aie 3 66605 100 5% 5 eT 
19.0 = 3628 .73 200 20 035 ay 
Ay, e) 3 BBL 15 0 ) 3) !, 
= F l-1l ry Ba Ana a ej 
173.32 3.) 3234.72 nO55 207 on. hae 
. 


r? 
—] 
Jo 
' 
i 
ee) 
Ne) 
7) 
_ 
<j 
sy 
SJ 
e 
Wn 
ae 
Re 
=. 
2, 
ta) 
! 
1 
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TABL: 11 
TABULATION OF REO URE 
WHGE CATLBOAT® 











Length Period” Annual® Usage ¢ time “% time ra | oe Cuvered” 
rt. in water cwnership hours at sea locks to water mocrige 
GCs, mOCrawe mcoraze 
30 65 4 1F05 .00 300 75 7 l, 
feo xie) 1 16°02 .00 LO 5 fw 
25.0 ; ThE 00 300 0 se ‘= 
50.0 1 911.00 271 O » 5 
25.5 “ 1553.00 *O0 92 0 5 
25 2 a m7 00 390 0 0 5 
26. .0 | 1166 ,63 ree) 50 LO ce 
CAT 1 jg 00 210 LO : oe | 
e351; 2 1301 .20 165 50 i oa 
30.0 i 805% .00 509 10 z 5 
EA a fee 28) 225 5 3 Is 
29.0 1 ‘576 .00 150 <0 - 7 
26.9 l eS y.. 50 100 iO i 6,F 
26.0 1 he 200 20 y ly 
23.0 1 Ba la00 1°O a 9 5 
90 .0 1 113€ .00 350 obs 5 be 
nak 6) l 2143.00 15 0 10 i 
29.0 1. 1250200 Ee) 15 2 7 
22.75 i oP as .16 200 a 10 ° 
32.0 a; ia 400 109 100 0 5 
22.0 1 LALO .00 £20 00 20 a 
30.9 1. V0 0 775 as 0 5 
ame Se Z LO LS0 600 "9 €) - 
36 .0 a 212 00 175 70 0 
2b .0 za 429 .00 226, 30 12 ve 7 
AS gies 1 TES 0 150 40 LS le 
36.0 n eee ee 150 30 5 \e, 
2625 a 335.50 ee) 33 on (ec 
36.0 " 515.00 159 70 2 7 
37.0 1 L7ie.00 300 D5 D =)! 
36.0 1 1632.90 " 30 15 - 
26.5 1 (Ga 500 LO 5 mt 
aIesS 2 1 60s) Bae Oo : t 
ao 1 751.00 Bat ) 4 of 
30.25 1 1460 .90 200 45 15 
36.0 3 % 10.00 500 7 Ec : 
3.9 i 2909 .00 459 i> 10 i] 
3G .0 iH L745 .00 200 a { 
Gees r 5P2 .64 1:0 10 . Ge 
1250.35 @-Be Ti) aes Gh oe gr 323 “ho 5 
2-3 at Pl. -8 
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Tos Le 
MISCELLANSOU? Riv ULT* OF THE LAKE VASHINGTON “HIP CANAL 
CONGECTICN @URVCY 









































Cuestion Iten Nurber Percentage 
5a i Vessel3 moored in water year-round i i 
3aii V ssels stcred un land in winter 7 oO 
peaili Wezeer oi Urabierss: launched. retrieved 17 15.4 
TOTAL a 100 .O 
9a Averase estimated % of underway time cesa- -- a. 
wWardvol 10CKs5 
‘Yb Avera se estimated % of time between loc5 -- 7.5 
¢ roocragec 
Remmining time crniirin:s in fres. water -- ores 
TOTAL 10.0 
inf Owners yresently ccnbiderin; weve to salt- 15 BS A 
water moorase 
ll Owners already mecred in salt-water 12 pe 
Ll Gwmers not ccnsiderin>s mcve tc salt-water 51 GL 
Tors Ve 100.9 
2 Cwners which might consider moving %t- 30 50 .G 
Salt-water 
1a Owners which would never move to sait- Pl Wa 
water 
TOTAL ye 10,8 pew, 
a3 Inboard metoreraft owners preferrin« pre a. 7 
covered moora ‘te 
13 Inbeara motorcratt owners preferrinys ‘ : 
cen mec raze ee 
TOTAI ol gO .9 
r3 Other cwners preferring covered mocrage ? Le .® 
5) Other uwners vreferring open moc rege at 
4 > ee o 1+ a 
i3 Other -wners net answeriny qvesticns ue 4 - 
a Ot—(“‘C*CENO OWNETSS CU PEt . 7 





TOLSE, U ADO .O 











covered moorage, and the general indifference of owners of sailing 


vessels to cr vered mocra: 


@emculation cf Cwnership and Operational Co-7ts 


Table 13 contains an example of the caitcu.aticns necessary to con- 
meee raw data concerned with the value of time into information which m3y 
be processed by mears cf the mathemat’c.: develored in Charter 4. The date 
Weed in this example was actually extracted from one of the returned 
questionnaires. 

Me first Ssver in this cajeuleaticn is to develop a fizure revresen2- 
mye Of the cost to the owner of rececverins his copital investment. This ‘es 
done by assuming a ?0 year service .ife wnd an intere.t rate of 5 ©. The 


ca.ital recovery fector (the annuity whose present value is 1) ccvre3rcend: 


| 
ue 


Mmumenese ar@minents ic equal td 9.0730". Thisefactir multiplied ov the ri- 


4 


Memmeeeecost, cf the vebse!l oi $4200.00 indicates that tre cwmer of Geis cre 


CT 


Pays $351.99 annually in reecverin:s the cerite) ae nous invested fn ‘.1s bos 
Pmenal Operaticnel ecsts are calevieted simmly by s vmring «ep the jydividua’ 
Benponent: of moor@ze, meintenence, fuel, 3torage. tayes fees nad lacneh- 
Beeecnarzes. In this instonce the sum of these cpenetiingl ogst 37 Som. 
per year. 

One of the @tem@® wrich was mfortimetely netiece@d in 7 remeteang™ 
Oucstionnaire used for tni® s-rvey wes imbur’nce coses. pme . Wiee#@ Ti r- 
Miened this inform tion anywry. Meot, however, uid von. Dereeneace 16> 


ors, At was assumca thet since the cost 1 @ Glea@ire bot retreiaenp 


Pree investment of incbre, vie rechtenan cteid Term & ojerace bh CmaAtT< 











90 
® 
TREE a4 

SAW CALCULATION OF THD COT OF OPERABION 

TK CUE PION VALUE 
Oricinal cost Sa 4,200 .90 
Hstinated resaie value 5b 500 .90 
Moorage c7st 6ai 15.90 
Maintenance cost Cail 20.09 
Fuel ccst Oaiii 20 .00 
Storace cost Geiv — 
Taxes & fees Gav 30 .00 
Levnchin= Lees Gavi -- 


Cavital reecvery factcr for 20 yr. 21t 5.% = 9.0 '°3C° 
Criginal ecst = 24,200. 
Xx D O86 363 


nip Ly annua capital -recevery 
cOSt 


Operation 


= + 5. er year 


2,500 x @1.60 rer 2100 s “40.00 


NU ae COaL 


S351. + (265. 4 GO. = 050, per year 
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Witnout insurance. ifinimal insurance rates were therefc re adopted fren 
wblications of the Nationwide Mutual Fire Insurance Company (10) and 

ee applied uniformly to all ves-els considered In this survey. In 
instance a rote of ‘1.0 ver £100.90 ~f velhe was applied tc the 
00.00 that the «wer -f[ tl is vessel ectixazved cs its current rebale 
This gives an anneal estimated insurance ecst cf 40.00 The total 


mecost cf OWiins end *peratinz this vessel vac then calculated by 


ee 


wogether te capital recovery cost. @veret#onal costs and insurance 


9st giving a grand tetel of 5656.00 per year. 


utation and fdjustment of the Value ~. Time 


Had the results of this suivey veen berpletely representat_ve cf 

Metle'’s boat pepwlation, indiceting the ewrrect Trequency cf oce: rrence 

of various tes ene sizes @f vessels, a mean weirted fisure tcr vaye vale 

"time to Seattle vachtsmen could nave been caicvlated by simply j.z. one 

Bemindividusl caleviations cf annuel cwnersimip ani cperaticn cost. gnc then 
ividinz this fimure wy the sum uf ali usaze tines (see ecuetion 1). Un- 

punately however. the resvlts of tiis survey were heavily hiased in 

mor of sailiny craft. In additicn there was sume variation between the 

Brace lensth of vessels included in this si'rvey and The uverake tengtis 

* the various classes .f ve3seis in the cseneral o at vopulaticn. It wil) 
=> 

remembered thet when the cou csition Cf tue senecral ooat pd>ulatoon ef 


attle was investizated in Chapter 1, it was found c«nvenient ty aivide 


Seneral boat nepulaticr inte four cates ries: ocutvoard motorbeats, 




















inboard motcrboats, small (under 2? feet) sailboats, and larze fover 72 feet) 
Sailboats. Vessels wnich were subject to the survey incident to this thesis 
were divided into the usme fouvr classes (sce Tables 3 through 11). After the 
total annual cost cf ownersnip and cperaticn had been calculated for each 
craft, these ccsts and the ncurs thet tue craft were orerated were summed up 
for each of the fcur classes. It was then tcssible tc calculate a weighted 
averase value cof time for each class in accordance with equaticn 1”. These 
data as well as other pertinent data fcr eacn class are shewn in column A 
through G of Table 14. 

By compariny colwm D cf Table 1! with cclumn H we may see that the 
Variation between the uvera;se length of boats surveyed from the averaze 
meneth cf boats in the seneral voat poevtlation is relatively small and 
probably does not revresent a major inaccuracy except in the case of large 
Serlboats. Comparison of columns C and K of this table further indicates 
Bhat the cumposition <f boats surveyed by types cf vessels is indeed ar con- 
siderable varience with che composition of the general boat populaticn. 

The first edjustment undertaken in Table 14 was desigmed sc ccrmen- 
sate for the relatively small deviation between averaze lengths cf bcats 
Surveyed in each cateyvory and the averaze ength of Loats in that catesgcry 
in the general population. The adjustment fectcr used (tabulated in colurm 
I) was obtained by couarin: the ratio of average len;th of boats in thot 
catesory in ti:e ceneral boat population tc tiie everage length tf beats in 
thet categcry in cur survey. The value cf time associated with boats in 
that catezory was then multiplied by this factor, the result beins tabulated 


in column J. 
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This procedure of adjusting the value of time on the basis cf 






















the square of the length ratio was based principally wpon the experience 
Meche author, and is difficult to justify otherwise than cn a suvlective 
Basis. It is obvious hcwever that the relationship between lenjth and 

must be at ieast linear, that is when we double the lernzth of the 
Messe! under consideration we must at least double its ev-st. As @ nratter 
of fact since the cbhject under consideration is three dimensicnal, tnere 
would oe much justification for the armment? that the cost of the vessel 
Should be proportional to its volume and therefore thet the cost shculd 
vary meth the cube © of the léneth: For this reascen an ad ‘istnent cvased 
meee square of the lenstth retio, while wndcvbtedly nct sbsclutely acci- 
maue, iS at least rational and probably conservative. 

The second adjustment executed in Table 14 was desimed tc: ccrmren- 
© for the deviaticn of the vercentare of h-ats surveyed in egen catertcry 
from the rercentaizve «f boats in that cateyory in the ceneral boat ecrulation. 
jhe percentage oi beats in each category in sener2zl beat populaticn is 
listed in column K. In crder to make this adjustment, the decital ex -res- 
sion of these percentaztes were multiplied by “ne lenzt: adjucted value cf 
time listed in colwm J, the result beinz tabulated in column L. This pr - 
éedure weizghts eech fissure for its actual frequency «f cecurrence in the 
General beat population. The tctal of column J then represents tre final 
Cverall averaze value cf time to Seattle ~leasure boat owners. Tiis total 
indicates that the value cf time tc Seattle vaeitsmen [n renera,. is $10.5, 


seer hour. 





An 


mparison with “revicus ‘itudie; 


In the 1950 veasibility study of the Shilshlle Bay brea’-water 



















project (3), U.%. Army Engineers parallel in many respects the eccnonic 
@yses undertaken herein, the point under consideration bein; the vene- 
fits that would accrue by the elimination of complete trips thrvzn che 
mee canal rather than by reductions in travel time. In tne secticn in 
waich pleasure craft were considered, it was estimated that the :vevre ye 
eee COSt CL ownership end operation of pleasrre craft amo.nted tc @195c. 
mM attempt was uade in this study to discecver hcw this figure relavei uw the 
Gamiber of hours of vse of the vessels in questicn. In ovr own stud: acw- 
Meewas discovered that the averaze cwner used his boat abeut £50 hour: 
Meeeyear. “his would seem to indicate that the overave Lost cwner .nends 
miy about S/.20 per hour for use ofhis craft. Tuis is only 40 or she 
Valve cf time resulting from @ur ow survey and asscciated evnyjputeticns. 
Examination cf the numerical analyses “tvilized by Amny Envineer; in 
their study sncws some mincr differences in interest rates emplcyed and se 
am, but there is m! mechanical feature which will satisrvact rily eect unt 
the larse variation vetweer the figures obtained in that study end in 
the study undertaken pursuant to this thesis. 
Table 14, at the bottom of column *T, shows a sinmle avereve annual 
Ownership and oreration cost cf “20h .74. This figrre divided by the 2ver- 
S€ annual hours cf use would zive a value of tine vf ebout 6.55 rer hevur. 
Note this is an wadjvsted fiture. This is still almost twice the value 
ed on Army Engineers work. In view of this larje and seemingly inexpli- 
Cable difference, it would be no more than prudent to sugsest that the sut- 


ct of the value cf time requires further investizaticn. 








CHAVSER VI 


SAVINGS IN TRAVEL TIM. 


Review of Methadolog: 


It will be remembered that in chapter +, durinz the development 



















of the theory and wethodolczy necessary to this study, equation 15 was 
adorted to express the mathematics required for the eccnomic analyses .f 
the facilities proposed herein. 

Oss J= KVAt 

this relationship nelds the justifiable cost of an additional facility to 
be equal to a constant multiplied by the value of time, multiplied again 
Seecne time savings occasioned by use of the prepesed facility. At this 
point in the development of cur investization, both the eccnstant end the 
value of time necessary tc this equzticn are available fcr use. the one in 
table €, the other in table ll. 

It will alse be remembered that an equaticn was develcved express- 
ing the maynitude of travel time savines in terms of the difference be- 
tween tne transit time through the proposed new facility and tnat thireusr 
the present larvze lock multiplied by the number -f vessels that wculd use 
the new facility in preference to tne lare lock. 

(20) At = N(t, - t,) 

The task tc be undertaken in this chapter is the auantification of 
the savinzs in travel time that would be realized trroush the installation 
of cne or mre cf the proposed facilitie.. This will involve the determi- 
Mation cf the transit time asscciated with the present larze lock, the 
estimation of the transit time that may be expected tc be asscciated with 


€ach of the propcsed new facilities, and the estimation, for each of these 

























Meecilities of the anount of traffic that )ay be expected to vce that azil- 


ity in preference to the present inetallation. In addition it will Le 


remembered that in Chapter 3 when the constructicn cf an additional 
dockase facility was first proposed, the ecnsideratioun of exactly what 
faze lock should be built was deferred until later. ‘This question also 


will be considered in this chapter. 


Leck Reccrd Types 


mere Aare t1vevdistinet types of records availabie fcr study at 
Hiram M. Chittenden Locks. These include the follcwinu: Weterway Traffic 
Report, Register of Vessel Traffic Throuzh Locks or Waterways, Reesttee of 
Lockazes and Number cf Vessels, Classification of Vessels Passin» the 
Locks, and the Annual Summary cf Vessel Bice caren, 

gne watervay Trarfic Reocrt is the form, referred to frequently 

in Chapter 3, that must be filled out by each vessel rassins threuth tne 
docks. Information available on these fcrms includes the neme :-f each 
Meeoel Passing tiie .oc’s, its owner, destinaticn, caro, draft, iispluce- 
rent, gee eee Soct Ta -erare ther basis [cr all mere ccomrect. coummlatligae 
cf locc<caze data and while relatively detailed, »nfortunetely omit mach 
information that would be cf considerable interest in studies of iccK 
Operations. m© use was made cf the.e records in the s'renpemmtion of thea 
Beport. 

The Retister of Vessel Traffic Through Locks or Waterways is a 
compilation of Waterway Traffic Rey rts for eacn locxaze throuym eacn 
leck. Tnrese recoris contain the nane or number cf each vertsel us ins 


through the leeks, an indication of its type, itc di.placement und the 
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time mr omenin-: of tone Lock Fate st uprer ana Agwerm@pdg&@tevel fcr the 
transit in which each zroup cf vessels »assed the lecks. ince vrans- 
Mertation costs snould certainly be a function cf data recorded in detail 
in this reccrd type (vessel tyre, displacement and transit time), it 
memould be possible, using these recgqrds, to make extremely accurate cal- 
Bea cions of transpertation costs for every type and size of vessel _ass- 
ing the locks. However, because cf the vast volume cf reccrds that must 
Mewconsidered even for a single year, such calculaticns would, even with 
the aid of electronic data processinz, be extremely tinue cconsumint and 
Meeeous. Sucn a calculaticn is indeed far beycnd tne scope cf this tuesis, 
Meee compact record formats being utilized for our purposes herein except 
for the discussions of transit time and lock efficiency later in this 
Chapter. It is probable that this is the type cf reccrd which would torn 
the basis of an extended Bundy Ci the ship canal system of the sort pm- 
meeed in the final chapter cf this report. 

im the report of Jockeges and Number Gf Vessels, the number cf 
lockages with vessels, the number cf lockazes without vessels, and the 
member -f vessels passiny throuzh the locks is totaled up fcr each icck 
@uring each of three shifts of each day. Data extracted frcem these 
meecords was empl: yed in the succeedin; cectian ccncerned with the deterni- 
nation of the number cf vessels that may be expected to use new, rather 
than Presently cxisting, facilities. 

Tne classificaticn cf Vessels Fassinz the Locks is a tabulation 
for each of the two locks for each day, of the total number and displace- 
ment of vessels in each cf several catescries passing the locks. Cate- 


SOries considered include ships, barges, tvszs, small craft, fishin: boats, 





oe 


meevessels, and i reiym vessebs. It is date from these records that 


So used as the basis for estimates nade herein of the number of vessels 

























that may be expected to use the proposed facilities in preference to 
facilities already in existence. 

mhne Annuel Summary cf Vessel Classification is a tabulaticnu and 
Meeary by months cf the more uetailed data contained in tie previously 
meeeroned Classificaticn of Vessels Passing the Ikxcns. Data extracted 
from these records was used in Chapter 1 (see Table | and Fizure +) to 


Meseribe the cyvcrall annual fluctuation cf traffic in the ship canal 


Determinaticn of jisze of Pripesed Additional Leck 





when the possibility cf prcviding an additional lock wes first 
mroposed in Chapter 3, it was mentioned that there are conflicting criteria 
Militating one azainst the cther concerning the selection of the most de- 
Sirable size for such a facility. On the one hand we want a lock whicn 
will pass traffic through as rapidly as possible thus holding travel time 
@cCruing to vessels transiting the facility to a minimum; wiile on the 
other we want a facility large enough to be capable cf absorvin. the larse 
peak lcads which occur cn weekends and holidays. The very existence of 
the present installation provides us with tne best of all pcessible data 
Memesoary to select the correct size for an additienal leck. Te exist- 
ing larye lock, woaile nct the larzest the world, is certainly ene ¢f 
the larger ef such installaticns in existence end the small leck is very 
small indeed. Whatever size of lcck we select for our additional facility 


Cannot lie far outside the limits delineated by the present establishment. 
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In themtiret four colums (A,BE,C,D) ci TedleielS and wpar@ abv- 






















@eped data extrected from the previously mwentiLuned Revister cf Traffic 
Meeousn Locks ur Vaterwayc. Table 15 cantains data aprlicaole tc tre 

se leck while Table 1€ tabulutes data concerninz the smaller facility. 
Tie observations listed in tnese Tables were selected mre cr less at 
Semcon from the available records to cover the range from lcckages ccn- 
tainine very few vessels to leckazes during which the lcck chembers were 
Meverely crowded. Coliwyn A cf each table lists the number cf vessels in 
the chamber of tne apvropriate lock during a specific transit. Columns 
Bend C list the times of opening of the icck :sates for ingress cf vessels 


into the locks and esress of vessels from the lceks after completion cf 


oe 


the transit. The difference tctween these two times is the sctrval time 
@eeeried in iifting end lcwerins the vessels inv. lved and is tabuimted 
Seem D. I} each @f the times iisted in Columr D is added tre mini- 
fm vime necessery to return the weter level in the lock chamber to its 
Briminal rosition thus comletiny the cycle (10 minutes for the ‘2r-e 
Meek and 5 minutes for the small lock). The swm of Colwms D end E is 
taen the full cycle len:th and is tabuleted in Coluwn F. Dividin- 
Column + (number «f ves.els in the chamber) by Cclumn F (cycle en;th in 
Minutes) and mitiniying hy GO ;sives the rate of traffic flcw in vesrels 


mm HOuUr and is Lebolated in Coluitn G. Vartogs cat: from these tableB sre 


meeented graphiccily in Fisures 10, 11 and le. 
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TABLE 15 


RANDOMLY SELECTED TRANSTTS - LARGE LOCK 





A B C D E F G 
Number Time of Time of Actual Return Cycle Traffic flow 
of Opening Opening Lift/Lower Time Length Vessels/hour 
Jessels Gates for Gates Time Minutes Minutes 
an Vessel cow Minutes 
hamber Ingress Vessel 
Keress 
1655 A755 60 10 70 76 
1635 lg Gh 40 50 ght 
1515 1605 SO 60 7e 
1620 By Mile) 50 60 ie 
lw gedst 1800 35 hs 91 
115 1855 LO 50 83 
1900 1910 10 50 34 
2005 2100 55 55 26 
2125 2200 35 35 26 
0750 0800 10 20 30 
0945 0955 10 20 iz 
1130 1220 50 60 34 
Luho Lig Ae 35 LS 33 
1605 1645 ho 50 13 
1630 1720 50 60 55 
1730 1835 65 ‘e 70 
1850 1950 60 70 34 
1610 1700 50 60 30 
1710 Weer 4S 5 S1 


1805 1850 As 10) op, qe 
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TABLE 16 
RANDOMLY SELECTED TRANSITS - SMALL LOCK 





B C D E F G 
Time of Time of Actual Return Cycle Reain £C 
Opening Opening Lift/Lower Time Length Flow 
Gates for Gates for Time Minutes Minutes Vessel/hour 
Vessel Vessel Minutes 
Ingress Eeress 
1035 1055 20 5 25 ove 
1120 5 Z5 5 30 28 
ZO30 2345 10 5 15 Q 
0015 0020 5 5 10 6 
0230 O2k0 10 5 15 y 
O510 O515 5 5 10 12 
0630 0645 15 5 20 9 
0740 0750 10 5 15 16 
0335 0750 alls D 20 Ld 
1040 1050 10 . 15 32 
fai. 5 1135 20 5 ao 26.4 
305 1320 15 e, 20 el, 
1400 1Lh20 20 5 25 ok 
1825 1Sh0 15 5 20 33 
1635 1645 10 5 alls 28 
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Equation 20 indicates that any savings in travel time tnat we my 
reap from a new installation will, for a given magnitude cf transit time 
through the present installation, be inversely proportional to the transit 
time through the new facility. This means that it will be inversely pro- 
portional to the cycle lensth, for as we shall see later (at least for 
lecks) transit time is approximately 1.5 times the cycle lenzth. With 
this fact in mind and mindful also that the criteria we are attempting 
to satisfy demand maxinum traffic flow rate combined with minimum transit 
time or cycle length, let us examine Ficure 10. 

Mors {figure is a plot of vessels per cycle against cycle lenzth. 
It may easily be seen that there is considerable variaticn from any 
Mean curve. The curves shown for the two locks however, represent ade- 
@eevely the performance of these locks. Several operational characteris- 
tics of the present installation are apparent in this presentation. Note 
trat the greatest number of vessels shcwn to ever have passed threugsh the 
small lock in a sinrle evcle is 16 and that the mean curve extends only 
as far as 14 vessels per cycle. The mean curve for the large lock on 
the otherrand, extends as high as 89 vessels per cycle. Note also that 
the mean curves, and indeed all plots, terminate at roughly the 10 and 
20 minute ordinates of cycle length. This is caused by the fact that the 
Minimum time required for simple hydraulic operation of the locks is five 
and ten minutes each way for the small and larze locks resvectively. 
Other features worth mentioning are the verticality cf the mean curve 
for the large lock between the abcissas of 30 and 75 vessels per cycle 
and the displacement to the left of the mean curve far the small lock 


from that for the large lock. 





FIGURE IO 
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Three facts may be induced from these observaticns. First there 
fs the ratner obvious pcint thet tne large chamber of the larze lock 
Poniers & greater capacity to pass traffic. Secondly we may infer that 
mais preat chamber capacity carries with it the penalty cf dispropor- 
tionately increased cycle length. Lastly we may see that the small licck, 
Within its capacity, operetes more efficiently as is witnessed by the 
displacement of the mean curve for the small lock to the left. 

Figure li plots the number of vessels Lassed through the locks 
mae Simele cycle against the rate of traffic flow, in vessels per 
mae, echieved thereby. In this presentation the essentiel efficiency 
end superiority of the smaller of the two installaticns is even more 
otvious. You may note that for any given number cf vessels in a single 
Becnare, the small lock is able to achieve a greater rate of traffic 
flow. It is also worthwhile mentionin,.s here that the maximum prectical 
mrve Of traific flow which the smaller installaticn seems to be camibie 
Of handling is about 30 vessels per hour at chamber loads of 10 vessels 
Der cycle. Rk ferrins now to Figure 12 we see that when rate if traffic 
flow is plotted ayzainst cycle lenzth(whieh you will remember is inverse- 
ly proportional to travel time savings) we may see tie efficiency cr 
Bre small icek agoin demtenstrated. Wote that at rates cf flew ead about 
5° vessels wer hour, tne small icck is avere sing avout 72 mincies ger 
Cycle. In order tc achieve the same rate cf flow, cycles in tne large 
lock must rin about 4) minutes cn the avera:ce. 

if we must build a new lcck to nandle traffic loads in the axe 


Washington ip Cancl, then what we want is a lccx that retains (cr 


even improves unen) the operaticnal efficiency of the present small lock, 
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FIGURE I/ 
VESSELS PER CYCLE VS. TRAFFIC FLOW 


Q “LARGE Lock 


xX § Locxw 
MALL O oO 
(. 
O 
6 
& 
o © 
td 
© 
O) 
© 
O/o 
x SMALL 
© x LocK 
en 
x 
45 x 
a 
10 20 50 40 50 60 70 SO 


Rare of TRAFFIC Frow — Vessets Fer Hour 


LARGE 


IO 


LOCK 


> 





LHouvr 


- VESSELS Peer 


TRAFFIC Flow 


RATE OF 


100 


80 


70 


60 


50 


30 


10 


ref 


FIGURE 12 


Raré of TRAFFIC Flow vs. Cyete LENETA 


© 
0 LARGE 
Lock 
8 
©O LARGE LOCK © 
X Smart. Locx 
© 
; 
© 
€ 
(+ 
O 
SMALL 
Lock 
ran: O ©) OQ 
e x 
x 
: © 
x C 
x 
x 
10 20 30 40 50 60 70 
Crece Lenorw -— MInvres 








108 





but which will at the same time enable us to achieve the maxinum rates 

me creific flow of which the larve lock is capable. Ly this tine it 
whould be obvious that the most desirable type cf installation wuuld 
Memene more or less similar to the present small iden. As we sew in 
Merere 12, we may expect from such an installation a practical nmcaximum 
meaitic rate of about 30 vessels per hour at a cycle lenztn cf 2O minotes. 
Bemmatch the maxiium traffic handling capacity of uur large lock we would 
m@eed Ho least two sucn installations cperatin; simultaneously, situated 
meralle] tc one another outboard of tne present small icck. ‘The next 
mee Of thought beyond this is, instead of imacsinin’ two additional 
Separate small locns, to conceive cf a sin ~le wide lock-chamber having 
Seeeor more traific lanes and the reauisite number cf sets of mulvoiple 
tock gates. Such an arranzement might pnossibly be made to overate even 
faster than 30 minutes per cycle (by linitin=: tne number cf vessels using 
each lane to even less than 10 vessels) while simultanecusly providin? 
traific handlinz capacity in excess cf that presently available in the 
larse lock. 

The principal disadvantage of this type of lock would be inefficient 
muse of water at lizht or intermediate rates of traffic flow and inability 
to achieve further efficiencies of operation by means of stagserinyz the 
cycles of multiple small iccks so that one or another is always in the 
meocess Of accepting traffic, etc. 

In order to make a reasonable definitive examinaticn of the eco- 
nomic possibilities opened up by installations of the type discussed in 


the preceding paragraphs, all of these possibilities will be examined. 
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Mo repnrase tnis more precisely, justifiable ccsts of the follcwing 
Maeceallaticns will be calculated; first an additicnal, single-chambered 
small lock of approximately the same dimensions as the present installa- 
tion; second, a lock having two separate chambers eacn of the sane dinen- 
sions of the present small lock; and third a wide, single ciambered, 


multi-lane lock having a traffic capacity of 60 vessels per how or more. 


Determination of Transit Time Throuch large Lock 


There is no problem in establishing a value for ts tre transit 
time through the larze lock required for use in equation 20. Figure 10 
Shows quite clearly tne strong tendency of the cycle lenzth to vary be- 
tween relatively narrow limits throushout a larze rane of chamber load- 
ings. Since the plrenomena which we are considering, that of forced 
passaze through the large lock due to overcrowdin.: of the smaller facility, 
occurs only during nigh traffic days and in times of great traffic density, 
it is quite reasonable to assume that a 55 minute cycle length will be by 
far that most frequently encowitered durin: t!.ese times. Note that at 
Chamber loadin;s greater than about 75 vessels rer cycle, cycle lenzth 
@gain seems to increase. Any error that this causes may, we hope, te 
balanced out by the shorter cycle length experienced at chamber loadin s 
less than 30 vessels rer cycle. 

Let us new turn our attention once again to the pattern of 
Operation of the locxs during periods of heavy traffic. Dvirinz these 
times there is a constant stream of vescels errivin: at the locks for 
passaze. If we assume a constant arrival rate and assume tliat the 


&rrival rate never surpasses the maxim rate of traffic flew cf which 
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the two locks are capable, then we may say that the averaze vessel arriv- 
ing for passage tnrough the large lock must wait half a cycle of that lock 
before being admitted to tne chamber for passase. Looking at this another 
way, @ vessel which arrives at the lock just as tne gates close must wait 

@ tull cycle before it is admitted into the lock chamber for passage, while 
&@ vessel arriving just as the lock zates open to admit a chamber load is 
admitted immediately. The mean wait then is half a cycle. Cn this basis 
moe transit time throuch the large lock durin: periods of heavy traffic 

may be said to be 1.5 times the cycle lensth. 

In actuality this is somewhat of a simplification. The rate of 
arrival of vessels at the lock is never constant but varies continually; 
the maximum traffic nandlins capacity of the combined locks is frequently 
exceeded so that some vessels must wait more than a full cycle for passage; 
and the vessel next in line for passave after the last vessel for the cur- 
rent cycle has been admitted into the large lock seldom has to wait a full 
cycle for passaze but rather is usually able to pass throush the small lock 
during it cycle. These factcrs interact quite complexly and the author 
doubts that they are subject to theoretical analysis. 

If a more detailed study of this problem were underteken, it 
Would probably involve continuous cbservation of traffic flow patterns 
in order to make a precise determination of the travel time experienced 
by each individual vessel passin= the locks. This cf course would have 
to be done either photographically, pictures beins taken at say, one minute 
intervals, or by means of a team of observers continuously cn duty at the 


locks, 








Mee 8 


For cur purposes here however, we will assume that tne ‘sean 
vessel passing throuzh the locks in a siven cycle accrues travel time in 
Tie amount cf 1.5 times tke cycle len;th. The value cf t, tMen, ahould 


Movei 1.5 multiplied by 55 divided Ly 60 or, 1.375 hours. 


Determination of U and WN 





In crder td equip curselves completely with entcrine® ar nrents 
for use in equation cO, it is now necessary that we estimate both txne trans- 
Mmeecime throwth those facilities which we have proposed and the number cf 
messels which will use one or another of those facilities in preference 
ece large icck. To facilitate this, Table 1/ presents a tabviaticn, 
adopted from various of the records available at the lceks, summarizing 


the number of pleasure craft using the locxs durin; the past six years end 
Shewing the distribution of days of varying traffic intensity. ence beeA 
the transit time and the number of vessels diverted are interdenendent, it 


Will be convenient to consider both of these avantities similtaneously for 


€ach variety oi installaticn being investizated. 


Marine Railways 


It will be reme@itbered from Chanter 5 tjat the prepeosed marine 
fraiway installation was to be #val in form s: that che béat cunveyine cars, 
ence emptied of their lcad, might pass back ta nick up anctner vessel via 
@® track in the opposite direction, thus insurin; an efficient cne-way cir- 


Culation of cars cn the tracks. This system cbviously may be extended to a 
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Meee treck layout. meats would travel in tHe oredoMi nat dircceti Im te 
@emraic flow over all but one of the available sets cl tracts and the re- 
Meine Set would ve used ror car return, appro sriate ccromectivns being ade 
DY sWitci.es. Cystens cf two traci:s (tie minimw: number), three and four 
meece.s Will be considered. Ccnsideration of the minitoum layout will give 
Seeoie Minimun justivlable cost of any irarine railway installation, wi-ile 
@emsiceraticn cf a four-track laycvt is desiracle since tire capacity of 
sucn an arransement would apprcximate re capacity of a single cnanbered 
eal? lec. 

As far as capacity scoes, the controllin,; factor, as was mentivned 
meeviousiy, for a rarine railway installation is tne probable excess cf 
Mme required as cach vessel. is loaded cntu a car. As was mentioned in 
meapver 3 it is virtwall: inconceivable tliat vessels could Le loaded on 
ees 20 a rate uore rapid than cne each five minutes, thus liritin: a 
Meric jane of trac to a canacity cf twelve vessels per '.cur. Since 
eee time that would be spent transiting this l:ind of installation weuld 
be a combination of loadin; tine plus vnicadin; tine plus actual tine 
being drawn up and cver the railway, some consideration must he riven to 
the lensth of the railway, which is principall; dependent upon tie crade 
employed. 

olipways desimmed for major vessels are seldom set on trades in 
excess of 3%. ‘ie are not restricted tc such flat slores as these for the 
handling of small craft. Boat launchin,; ramms for instance, ere cormmncnly 
constructed on slopes of 15%. In order both to minimize the len :th of 
track necessary on either side of the dam, thus minimizinz the size of 


Structure required to support the railway, and tc reduce transit time to 
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memanimwn, we would like to lave as snort &@ ivn OF track as poussitle cn 
Sucner side of tae dam. This means we want to se as steep & -srade as we 
Meeeivly can. Assuninz that motive power fcr the cars of sich a iczarine 
Beiway would ve provided by a cable arrangement sinilar to that vsed fcr 
mee can Francisco cable cars, there will ce no problem in providing zrades 
fear in excess cf those that could be tolerated by passenfers in the vessels 
Seansiting the facility. Fassenser confort will be the most irypertant fac- 
Seeeriniting the Maximum usaole srade. ircr the purpuses of this investige-~ 
tion we will assume a grade cf 20%. 

Referring co Fisvre 5 and Teble 5 we see tuat the tide on the 
Beaward side of the dan rluctuates from about four fect below datim tc 
15 feet above; the crest of the dam is at an elevation of 34 fect and 
the upper pool is maintained at a level of approxinateiy el feet. ‘he 
mean pool level on the seaward side will be about 5.5 feet above datum. 
The tracks cannot pass over the dam precisely at the elevation of the 
Crest. There will Fave to be some allowance Yror structural support and 
Operating machinery. Allowiny 3.5 feet clearance over the dam crest 
for this, vessels transitins: tne facility will have en average rise of 
about 32 feet from lower pocl level to the crest and a rise of 16.5 feet 
fron the upper pool to the crest for a total rise and fall of abovt 
No.5 feet. In order not to strain the Cr@e@ibilivy of our linits ¢cl acca= 
racy, we will round this off to 50 feet of rise and fall. Ata rade of 
20%, which is equal to five feet of mm for each foot of rise, the facili- 


ty will occupy a total of 250 feet horizontally and the slant distance which 


would need to be traversed would te approximately 255 feet. 





As 


If ve assume a rate of mverent in the slant Llane cf five feet 


























per second (a speed about equivalent to a fast walk) 2 vessel could travel 
fe lensth uf the tracks in aboi:t 51 seconds. Roundin> this cff t pone 
Meece ANd assvmins an additional r.inute cf reflotaticn tive, we arrive 

@o whe conclusion tiat a vessel snculd be able to transit sucs a rarine 
meno wey in apyvroxisnately seven minutes. For the marine rallvay instaila- 
Mon then, we will use ae equal tc 7/6GO or 0.117 hours. This value is re- 
Memeeed Gn Table 2O. since ti.e time it will take fur a vessel tc transit a 
Meeone riilwey installation is independent cf the number of lanes in Orera- 
Mon Simultanecusly, this same trausit tine will hold no watter new wany 
lanes of track are available for use. 

In crder to estifiate tHe numbcr cf veseels that wot.ld be diverted 
trom the tresent lar;e lock tc the new facility we will use the data 
eerie FO uS in Table 17. Column E threvgh 4 cf this table lict tne 
Mumber .f days in the fast six years during whici the nunber of pleasure 
Meett transitin: the larse lIcck was between the linitr sjecified in the 
meu headints. The basic assumption trat will be tised to ecnvert this 
data mito estigates of the number of craft diverted tu the preposéd .aci- 
Bity Will be that the proposed facility will operate at its @axinuwn rate 
Of traffic flow for a period of tlme equivalent tc that necessary for the 
present Mere lock tau pass the same amount of trarfic at a rate «i traffic 
miow typical of a hivh capacity day. Additional asswnpticnse will be that 
mre rate of tratfic flew achieved through the large lock varies rere or 
less in preporticn to the total amount cf traffic racsed and that on days 


Of relatively low traffic, the traffic will be spread out sufficlently 
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mer ciulr proposed facility t handle the entire load. 


fFased cn these assumpticns, the fizures shown in ec lifans 3 


~ 
— 











Berouszn M «of Table 17 are converted into estimated nuaters .f vessels 
maverted tc the various sizes of marine railway oy neans cf a more cy 
less logical croced ire which is described in detail in Appendix I. 
mach estimate is listed in “aile 13 and the total cstimated diverted 


Meese !s for each of the years under cunsidJeration is caleuletel and 


entered in the avpro.riate cclim (D trroush F) of Talle oo. 


Feltways 


r 
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As was mentioned in Chapter 3, considerably greater rates cf 
Sraific fiow can probably oe realized cver be.tways than cver marine 
Beilways Gince littie or no maneiverin, need be done for a vessel to enter 
Bene beltvay. ‘Tne controlling asrec® of such an installaticn wovld protably 
be the Mecvisicn of enowsh distance between successive vessels on tne helt 
Seecmat there wolld We no danger cf collision at tie point cf re-entry 
into the water. In consequence of this, we will assume a one minute 
separation wetween tuats transitén: the small sintle beltway, and a tws 
Minute se;aration between larvser vessels transitinz tne dci.ble beitway. 
B.sed on trese essumptions a trarfic flow of 00 vessels rer .wovr could 
be achieved over the smali veltway and a flow of 20 vesseis rer hour 
Beyer the targer double beltway. 

Using the same 2O% grade assuupticn as was used rer tae imarine 


miilway, we find tiat tne beltway would be of approximately tle sane len:st- 
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TABLE 18 
ESTIMATE OF VESSELS DIVERTED TO MARINE RAILWAY 
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Mesumin asain a five foct per second velocity in the slant plane alcnz 
mee beltway, transit time cver the smaller beltway would be azain apprex- 
Pmavely one minute. It is thousht better, since the larger double belt- 
may would be handlin:; a larser and probably less resilient vessel, to 
reduce the assumed speed for this dual installation to half that of the 
Smalier beltway, or 2.5 feet per second. This would result in a transit 
me Ot twice that for the smaller belt or about 2 minutes. These are 
Sauivalent to transit times of about 0.017 hours for the sinsle velt and 
meo5> hours for the dual arrangenent, friving difference in transit time 
between these facilities and the presently installed larse lock of 1.35 
and 1.242 hcurs respectively. 

Bevimacson or the number of vessels during the past several years 
that would be diverted from the present larse loc: to tre two sizes of 
Beltway is carried ovt in Table 1). In columns A and & -f this table are 
listed the year anc the number of pleasure craft that transited the lar-e 
joek durin these years. In colwns C and D are sh wn the number cf days 
tnat the mu:.ber of pleasure craft transiting the large lock was less than 
ten and over eleven. Fcr days during which the number of craft transitin, 
the larze lock was less than ten, the mean incidental traffic throuzh the 
lock was assumed to be five vessels jer day. On days when tunis traffic was 
Breater than eleven vessels per day, the incidental traffic was azain 
assumed to be ten vessels per day. Fased on these assumptions, columns 
E and F were tabulated by multiplying column C by five and column E by 
ten, the line totals of columns E and F being shown in column G. Sub- 


tracting this fizure from the number of pleasure craft transiting the large 
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Mock for the entire yeay zives the ncon-ineldental tratfic for She year as 
tabulated in column H. 

It will be renembered titat when in Chapter 3, the tel“ways were 
Metginally aiccusses, it was menticned thet a single teltvay colld acemhc- 
Meee Only more or less .lat bcettured vesselc, that &s, o.tbeard m h&rowats 
Maa soals saildcats. ‘whe dual telLotway arrait-enent was intPod:.cec tc éver- 
Mummeeiis defect, it Leca.se :f the necessary; split tetwecn Leits 1% was 
meee clay this fype of beltway would not accomodate the snaller c_ass cf 
Measure bcatc. 

Potlirnime Once Gwin to Geoie-., 4toey ve veterieied tot aig ars 
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OMe t One inc Wiges Cie eee cr 
Pueascses Uf ‘leat@re craft. “Gy miit.plyin: t.ese rercmtsa ‘68 (s-cwr in 
my) lame F) «+ * Sle nde incide@iea, traffic listed in cc lum H ve «crrive 
Semecne Uital diverge crefric f.r tre @&x years Under cOmsifGratiun Gb 
Pmewn in calenmn.. J and i.. 

Renemberin: that the sinjle beltway ras a capacity of 00 vessels 
mer hcur, it is readily apparent trat tris sort of vacilit; is complcvely 
Cérable cf handling the relatively small porticn of ti.e total traffic 
Pewresented by the fivvres in column J of Table ly. Therefcre these fig- 
ures are entered in Table 29 without furtrer maniprlation. in the sate 
Way wnen we exomine column L, the number of vessels trat could possibly 


be diverted t'ucem tre larze lock to a dual beltway, renenterin: that the 


capacity cf this beltway is 30 vessels ;er nuur, we 3ee that in compar.iscn 
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to the figures ‘enerated in “aole 1! for a 36 vesiel murine railway on- 
Memiintion, tue iigures in cclumn L compare quice closely witn these 
@eeeaved by an cntirely different procedure. Therefcre te valies listed 
meecolurn L of Table 19 are also entered directly in the &rprorr"ate 


meeces Cf Table 20 without additional manipulation. 


Locks 


Assumin: tnat ovr proposed additioral small locxs iave tie sal.e 
Meera! Cnamber dimensions and operating cr aracteristics as t.e ;recvent 
smaller installation, reference to Figure 12 shows trat trerfic ilows cn 
mee Order of 30 vessels rer hour could be achieved through sWo1a facility 
mea cycle length of 20 minutes rer cycle. It will be remerbered tiat for 
Seoingle locx, the transit time was said to be equal to 1.°> ties tl.e ercle 
Benet. nis will not be trve for t).e oruposed atiditicnal one cr two 
smail lock cuambers. Interacticn of thece propvised facilities one with 
the other and with the present small loc) will reduce tie effective tran- 
met tine tl.rough the total facility to less tian 1.5 tittes the cycle 
Heneth. Using the same line of reascniny emplcyed in the cri-;inal deduc- 
Peon Of the 1.5 cycle length relationshim, and as#umin;, sta ered cyclin; 
Of two parallel small locks, we way see t'at a vecsel anpri acting such 
& double installaticn would not have t walt a full half cycle before 
being admitted to tie lock chamber but only a quarter cycle. This means 
that the transit time through sucn a facility woul be cniy 1.25 times 


the cycle lensth. 
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when an instalsativun gf cv. additmiine)] snail Téecsé§chambers 
Meeeiderea, @iving @ system cf tairee smail loess wor’im, in pereliel and 
Meeemably Witn stazsered lock cycles, we mey similarly find trat the 
Mecit time throug, the tctal facility wl] te 1.17 times & e evcle 
Maen. Since she assumed cycle len§th is cO minutes cr 7.33 “ours, the 
meensit times threuzth the pronosed sinzle and dual additional small icckS 
Will be 0.42 and 0.39 hours respectively. ince the prevcsed mc1t‘-lane 
Meen WOS assumed to have enproximately the same cperatienc emarecte-istics, 
eee nyoraulically and otherwise, as tne present small icex %mt carahbie cf 
meereast doubvle the traffic capacity, transit time Shrougn tiis facility, 
rememberin; that it will interact with the vresentl, existins instella- 
mon, Wilj) be the same as for cone additicnal lcck cramber cf tne same 
dimensions as the small lock or 0.42 hours. 

The number of vessels that would be diverted from tne present 
larze lcck tu taese proposed facilities is quite easy to determine. 
Wwe have subjected the quadruple track marine railway savin: a cavacity 
of 36 vessels per hour to a detailed analysis. It seems mre than rea- 
sonable to assume that a sinzle additicnal small Jcex would ress @ yr - 
portional amount of traffic, that is 30/36 cr 5/\. CY that clreaw calc@e 
lated for the four-lane marine railway. Figures based cn thic -atio are 
eacered in the apprdoriate locati#ns in @able 2O. 

We have already menticned that two additicnal small bbc: chambers 
Give us @ capacity of o0 vessels ver hcur in excess .f teat presently 
Gevailable. Suc. capacity is undoubtedly caval um, cr treater tnan, the 
Meeecical sustained traffic handling capecity cf the large lceck. For 


this reason a facility consisting of two additional snall lock cnembers 
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Will be assumed tc be canacle of carryin: the fulst Jeau oY nen-inciden- 
Mee craitic calculated in culuwim EH of Taple 19. These ri™res save teen 
Meotrecrred directly to Table 20. For tne same reasan these same risvres 
Memessumeu to ve representative of the amuant «fi treffic tiat would oe 


eave>ted into a rerlti-lane iicck and are shiuwn a,sain in the portion of 


Table 20 appropriate to this facility. 





Computaticn of Fstimated Travel Tire Sevinis 


POU SS ca cea te DLekey CON ING see Ormauion ececcary tc the 

Sculation of savings in travel time by means of equation 20. ‘ine tern: 
cat - t, 

may be evaluated by subtracting the transit times for the proposed racili- 
Mees aS listed in colum P of Table 20 from the transit time fcr the larse 
lock as listed in the same column cf the same Tablic. This is tie difference 
in transit tine that may ve achieved taroush the installation cf any cne 
Meche propesed itacilitics and is listed in culamm C. ‘This value when 
Mercaplied vy tie estim@ted number of vessels tuat wol.ld have been di- 
mecead tc these new facilities durink ‘tl.emfast seveom@l years, as taluliated 
fy cOlurms D thrcwsh I, Gives the valves of total savin-s in Zravel tire, 
In vessel hovrs, fer tnuese years fcr each facility and are tabulatea in 
Beiumns J throu sh oO. 
We ncw nave available to us all intcormaticn necessary to estimate 


Bre justifiable cost of the varicus prvpesed imerovements to the locks. 





CHAPTER VII 


JUSTIFIABLE COSTS OF IMPROVEMENTS 
























Review of Methodology 


Referring cnce again to Chapter 4, it will be remembered taat an 
equation was developed inccrpcrating all necessary factcrs and concepts 
required to calculate the justifiable initial cost cf investment in any one 
Meee proposed impruvements cf tie locks. This relationship equated the 
Hustifiable original investrent to tne total annual savings in travel tine 
Mecasioned by a tiven racility, multiplied by the value of time to yachts- 
@emeusinz the facility, multiplied avzain by a constant dependent vpon 
Werious factcrs includiny maintainance requirements, interest rate, and 
mervice lire. 

After mains the requisite assumpticns, val:es cf the constant K 
Were tabulated in Table /. In Cia,ter 5 the results cf the survey of 
yachtsmen using the Lake sas:inzton Ship Canal were manipulated as re- 
@uired to calculate the value «i tle to these users, this value bein, 
910.56 yer hour for tne zeneral boat pupulation. It is wortrwhile menti-n- 
Mie at this pcint tiat since cnly limited classes of vessels could pass 
ever eitner of the tw. types cf beltways prcposed, this fi-sure tor the 
@eive cf time will not apply tc either cf thete facilities. It is however 
bessible tc calculate the value of tine to te applied t' each er these 
facilities by reference to Tatle 14. When tne adjusted cust of cwnershir 
@na oreraticn of vessels ter hour cf use as tabulated in cclumn J cf Table 
ib 1s aprorriately weighted tor the seenents «f the beat polrulation usin. 
the sin;sle and double veltways respectively, velues cf time of 72.55 and 


Mie.%6 are found tc. be appropriate fcr use with these recilities. 


(ie 7 





Let 




















Seeation cf Justifiable Cost 


a 


Me calcuiation ot the justifilaple cost wf eac®’r ci tie prsgesed 
Meert2esS is carried cut in Table 21. ‘The tacility under cunsitderation 
Memencitieao in colvm A of this table and the ccnjtant and value cr tise 
Meepriate to each facility are listed in celumms bp and C. Culwins D 
Meee | Centain a listins «f the _avings cf travel time iv. vessel hdurs 
Meemechinted’d previously. By weans cf equation 15 then, justifiable custs 
Seer acility under tre traitfic Joad of Guch ci the years snown in the 
olumn headinzs are calculated and listed in columns J ti.rouvh O. These 
mires Lave been rounded cff to the nearest tnovsand dcllars since no 
Meacer pretense cf accuracy could possibly be justified cn the basis cf 
mie assumptions made. 

Oriteinall;y, it was the avutncr's intention to display szsraphicelly 
Meee Oticn in justgiee@ple cost fcr these facilities considered. Upcn 


Seeerptin; to do this Wovwever, it was Found that the calciileted jusciriatle 


ay 


~~ 


meee mended princiially urin the variation in traffic Betvern: at the 
Seer Cy CeIn’ Cc rrelavem with, tigge or with @pose nemver .f @leasure 

Meee Se ITSUEN the wets. The mmerical form in whict. the reuilts cr this 

Mestifvaticn ave presented in Table Cl seers tu be tive Lest dis, lay c.f this 


infomation p ssibie. 


Desirability  f Irom sed Projects 


First of ali, with regard to time, it may be seen tiat tre Justi- 


mreole cost uf all .r. jects listed in Table 21 were at their !M gest level 
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mmo >.. Justifiable cvusts dropped sharply in 1759, rese in 12.0 -und 
961, mopped cif again in 1202 and rése a,ain somew.at in 1IC3. This 
Pllustrates quite clearly the way in which peaks in traffic flow have 
maed to spread out in later years wnder the influence of con:estion 


Meeeoure in the systen. ‘Tnere is an implied sugzesticn rere tmat tie 


Mestitiable cost of impreving the present instalfation at the locks may 


fy7c Gem . 

Considering the desirability cf individual facilities, it is co- 
memo that tre justifiable cast cf the single beltway which can handle 
my flat bott.med outboard mctorboats and centerboard sailin; craft ie 

BO low as to be well below tne limit cf possibility. The justifiable 
fee «Ue duel belvway, on the «thernand, is quite Ligh, but cne must 
member that this prorcsal presuppuses the possibility cf censtructin:z 

@ beltway capatie cf handlin; vessels havin: larse .nderwater projections. 
[his and the fact tat such a beltway would have to handle a treat variety 
Of Widely differin; mull fcrms imposes nearly tirs.perable de im protlems 
Mpen tlis proposal. 

PXShiining che proposals invila@vin; ccnstivctign -f additicnal iueks, 
fe see that in 1)S: (the year cf sreatest justifiable cust), a sin le 
Additional leck charber would cave acerved benefits sufficient to jistiry 
an investrent cf well over three-qwrters cf a million dollars while two 
mereallel small léc.- charters would have accrued benefits justifyin: urn 
expenditure cf over a million and a quarter dcllars. C:ncirrertly we see 
Beery the justifiable cost ot the prupused wide, multi-lane leck in 1)% 


WOuld also have been nearly a millicn and a quarter dcllars. This, while 





ey 


























mh impressive sum, would not be sufficient to actually ecnstrict the 

@oosed facilities. The cost cf the present double lcck and a dan, built 
1916, was about two and a quarter million dollars (1f). Since then, 
 Ensinéerin’ News Record construction cost index has risen from about 

0 to abevt 909 or 7 times (13). This means that today it would cost 
mescixteen and a half millicn dollars to duplicate the present installa- 
Meee OOVivtusly, when viewed in this liwht, one and a quarter millicn 
Mars wold nct =~ very tar towards buildin: tice proposed additicnal locks. 
Perv we ncy to bie consideraticn of marine railways we find cnly 
@emeeencly more encouraging situation. In order te hanile the traffic 

Oads occurrin: in tie year 1958, an expenditure cf $360,390) would have 

me justified upon a two track marine railway. The three track faci lity 
Merc be better since the addition of only half asain as much track would 
Mstify an exmenditure of three-quarters asain as much mney. The four 
crack arran.senent is better yet, the installation of a tnird asain 

Meeen track justifying the expenditures .f mcre than a third again es inch 
Meee oince iS provides the @reatebt cavacity the fcur track railway is 
eeniost desirable of the three sizes. The auestion of course, is whether 
Meenot such a project could actually be built with the 3°8°,009 Indicated 

me che justifiable cost of such a structure. 

Prom 4 cost standnuint, marine gpallways end beltway. are attractive 
Ince they do not require the expensive buildins .f tetporary ccffer dams 
Seeeeeory for ccnstruction of an additional leck. In additicn, if a reil- 
anstaliaticn ec” ald be desivned with cneratienal cuaracterist’cs supericr 


© the rather severely limited characteristics asswned in this study, such 
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Beeeetallatior wecl! Bave an even freater jurctifiauvle c7vet. 


Mereerctore t: Cons iver 


— 8 ee 





ae Dag Ween no atest that the Jjustifbaple cort of all j rop cme 
Mmecete 11g seen lece in later years than in 1)5>. Altnoyh we vere net 
eee et, Ce eb Rect of CIRG ipon the fl ctiat on of fustiftacl- amet, 
eeecctm@e Chet «9t -7ll r‘'ee “ore or Lers tn proportion t> the tro ectm 
Crease -n tra®fic turgsyi the siip canal cyete: as pro,ecte in i: wre 
Sees. Meet eG pointed out that since (itis avle cost ceem@e €> be 
apen ent upon the tra’ ic pattern rather than vross pleasure craft tra’- 
Bee irouel: Crm locks, we cannot cay that when the groes tracfic reachel 


© 1°53 lencity, tuct’ fiable coste of propoeed facilities will have 





Meche: their 155 hiph. it is, however. probably safe to predict that 
eee Ge atavle ccets will, in fact, oe reached _n the foreseeable 


me larr’s aior fillietvations of the national economy. ‘he te poral 





me cy of the @itst.tiable cost of @Brroving the lots is a fector bs 
hic:. interested Q@@enc.ce cho@ls be @infifi.l even if not enWepem in act‘ ve 
Pagy Oo; the c-ngesttion proble:.. 

it @e@ Who well to re ember tnat this thesp> Wue@ not cintaln tps 
olor e@ ter on the ¢otal cariety of possihle Japrove.ent- at the 

eM rect por OF 


Pe Or on Bic total berefite ts be Patneld there n 


Demecmlittemnericr t+ the author's upon tue pronv@ of de-sisine 


" 
~ 


e 
boy colle ofMte cenceiPrat ly pro’Mice a cM@lutligw eembining great ctu 
O@efic handlim: capacity Heth a le- enoweh 8A t al BMct to be Temeratch 


y a . "7 . . 
Che Ful? Pes ravrle, Lrtettled egydy of the bvnapest Ut provlem au 
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Mmeote muck wore precige yaloulation of tie ~a,ritiime of benefits to be 
eed iror possible irnprove.ents than has been made in this inverti-ation. 
Paddition there unquestionably are larse tenefits to be vainec ty cor- 
mere: establicnfents, both by those connected directly “ith the boatine 
Meoustry and those which are sirply ucers of waterways, «hich have not Leen 
Meerceered in the gligshteet herein. The isolation of these additional 
nefits can have no other effect but to make any proposed solution to the 
mgestion proble. appear -ore beneficial. 

mia —nOuld- be pointe: out thet.une previous cor, ent concerning oe 
perational characteristics of .arine railway installatione applies eqially 
Meee OUHEY types of proposed facilities. if any of theese typee of in- 
@liations are ound to rave operational characteristicr superior to 

PIOcEe essunec nerein, the ev“ect woulu be to enhance the desirability of 


BH particvi\lar t:pe of inetallation. 


Mect of Chrpar! fon Vith Other Projects 


in the pact several parer we nave repeatedly spoken rather tlituel 
f “fugtifiable ecat. ft : ust now be stated, or perhaps rectated, trat 

16 justifiable c:st 4« the waxicun investrent persissille if no ore 
trincent criterion other than absol: tely -arpinal yrofitability (stich 

t> say no prof'tabil ty at all) is imposed wpon the decig.on to con- 


menuct the improve-ent under consideration. jf we cappare these projects 


n 


m1 £907e other rerice of projects. say a group of pr¥pore? highva: i prome- 
met, which are of wreater than ®armginal Wereft* to the pwiilic. then in 


Bateson Olir proposed lock 8#@prbvem@éntr are even less “asorable tran taey 
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Meer G@liready. if. for iIng’tance, we compare’ bur proposes lock ivproverent 
th a project having a beneSit/ncost rat‘o of <, ther to perit correct come 
rison we would have to halve all of our calculate: justifiable costs. All 
mer proposed improvements then are likely to suffer by corpariscon to 
Meeenotential pur-lic projects. This line of reasoning leatis the autnor t» 
e general c nelusion that no phycical improvement of the locks will be 
taken in order to relieve the present level of congestion in the ship 
meee nor. Since tMere is no plan for any extended study of the 
eon proU Leama cently in exletence, doee any piyctical ivprovemant 

™ the locks seer Likely in the roreseeable future, 


inistrative Measures for Congestion lvlief 


GAN. 


The early pares of Chapter 3 cdiscucsed several possible means of 
mucing confestion in the chip canal systee by use of educational pro- 

mee otreaml nin, of adMinistrative procedures and traffic inforation 
Btributin). syste.s. in view of the conclusions drawn above, measures 
thie sort vouls seer to ve the only recourse of agencies desirous 4° 
cin» consestion in the ship canal. M st cuch measures woul appear to 
Meratively cheap and the evalwat:ion of the redtictions in congestion 
Beteright therevy be obtained, while beyond the scope of this thesis, 

ld seer. to be the next logical step in any efrort to inprove the precent 


e10ONn. 








in 


CiArTun VIIT 


OPS Sse otwe eo UJ Le) OF LP CaNAL CONCHA On 


For reaeons that for the wost part have alrescdy been ~entioned, 




















meey well be desirable for rome agency, organization or individual to 
Meervake a more extensive inveeti,jation of the proble™ of trarfie concec- 
Memon the 'wike .ashinfton Chip Canal. core of the effort involve) in 
Mera study misnt possibly be directed toward elinination of soe of the 


La 
ry 


meus inadequacies of the pregent inverttvation. it is the purpore of 
Ms chapter to Giscurs some of these inatequacies and the ways in vhich 


Bemeexténsive ctutdy can be e.ployed in their elimination. 


feral “neor: 


an order to elimtinate excessively burdensome calculatiuns, this 

Bee erployed mu erous simpl.fyinz agesurptions to. and watheratical ranip- 
| 

tions of, the beneit/cost ratio which ould not be required in a stwly 

t operating under the constraint of severe budvetary and personnel li: ita- 

Ons. “uch a study could operate on ea conciderably extended tueoretical 

Bis such as Wight be founde. upon the ec r'binaticn of equation 3 with erua- 

2L0N 12. There can be little doubt tnat the extendei caterorization o* 

enefits and costs thus obtained would lead to increased accuracy. Whether 

Mero. SUCh increased accuracy juetit#ies the increased effort is of couree, 

etter which @ect be left to the discretion of the afency or inmifividval 

Insidering such an undertaking. 

Another extremely cscerious criticisr that way be leveled at the 

esent study is its tacit assption of ~arsginality. hie deficiency 


uld be attacked by any one of several avenues of approach. tstir ates 
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could be wade of the actual cost of constructing proposed yrojiects and 
these used to calc..late the benefit/cost ratio directly. A minimun ac- 
maole rate of return could be used in a rate of return type calcvlation, 
Meminimum acceptable © enaryr ‘ce ost ratiwm co le? be gy) ce: or 
Mee rateos or rates of return achieved on yrojegte alrealy in ex: etence 
Or co.peting with the proposed project for acceptance could be substituten 


mee deci¢ion criterion. 


ropoced racilit’ esr 


One very important area that should be researctied durin, an embended 
meay of thie protlem isc that of the universe of conceivable sol: tions 

Meo reliefs to the comrestion protler. The problei, if solved, is not 
Kely to be colved by attacks along conventional lines. Innovat:on and 
rmenuity will be the keys to cuccess if success ig in fact ottainable. 
alco o1@rcet igportance is that factual operational characteristics 
Beuld ve obtained anc utilised during an extended stuty. The operational 
wharacterirt.ce used in the present investiyation, while rational and 
based to a ;reat extent upon available literature anid the opinions of 
meoteccional en,;ineers, are nevertheless cubjective and not necessarily 


Bempiletel, representative of reality. 


WeterMniny the Valile of Vonkeetfon Seductions 


the methodolory need by an extended study to deterrine the economic 


value of reductions in con, ertions in the chip canal would depend to a 
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rould eliminate the necessity of Wanipulatinme a biase? .a Fle by 


ens of onk, ewdjectively justified adjust ents. 


A tae) 


Other Sconoric Factors 


Whe present invest#Petion coneidered only che benefits trat woull 




















ye conferred upon ~ leasure (Doal,Ounprs by I4pro,e@m@entr ao. the locks. 

An extended ctucdy could expan? this universe to letect the beneTits tiat 
ld be con*erred on comrercial users. Alsco the precent study cone! ere 
Mince Dene. th that would accrue directly throuman reductions in 
mavel time required to transit the locks. “ -ore covfrehuncivse treat ent 


fe thi 


92) 


Prose 7 icould: include research won tne eiferct- ot recuctions 2A ac- 
Meeeeeos. recuctlocors in Cast “uard equipient an! personnel requires to 
Olice the canal. reCuctions in C:ty of centtle Harbor Pclice ea invent 
nd personnel required, the errects of water losses throusa the locks ani 
whe effecte and tie reductions or increeses in bridre openin:s at tie 
Mmeeoue epang croseing the enip canal. 

An expande’? stucy coul! also consider the etfects of rednectione jn 
Benpestione on the boating intuctry In seneral, on otter ‘arit‘:-e and 
arwise intereeted and affected industriec, and the econo jc li pact or 
MeeeeOn Or lack thereof on the penmeral econamy o° the Creater #Mattle 
oe 2nere is some tendency to view there rather revote econa wc 
effects as tranefer effecte which are djirecly attributable to war’ ations 
mecne cost of transportation itself ane not diréctly Geritorio:s of 
MeeeeeTat On SP indepenwent bewelite to the Fiperal econony. “Wile 
there is some justification to this view, the author Veels that trans- 


portation benefits have a revenerative effect of the kind known to ocar 
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mone economics of ilhoney and bankin;. “She derree to wnitn trarsyor- 
tation benefits are thus rezenerative would be orie of the areac of re- 
men worthy of consideration of any aFency uncertaking a ‘ore extence® 


miay of the stip canal congestion eituat.ion. 


mavel Tine Cavinge 


tae tepartance of travel tine savinge occas one by saprove.ents 
Beeene Ship canal syste to the calculat-on of tre benefits conferred 
Meee an improve ent is prirarily derencert upon the - athe at: cal 
Meech employed. In the present study all benefits were hel: to be 
spendent upon travel tire savings. In the extende!, co part entalize 
proach an add= tional study would probably e ploy, travel tine savin,s 
Mi be at least to some derree less sirnificant. Cn the basis ot the 
Meeeeito the value of tive incident to Vawme thesis hovever. tne 
luthor is fir ly convinced that travel tive cavin-s ust ,lay a lar e 
orc in any determinat’on of venef_te occas:oned by reductions in con- 
@stion at the Locks. 

Maer DOC Che tae and personnel necessary Yor a rore detaj tec 
Consideration ot travel tire savings, the present ctudy + age a nmiviwer 

yf unsatisfactory acsu-ptions si:plificatione and appro:.i; ations. 
Byings in travel tine were assured] to be fainet by diversion of tratfic 
mine present large lock to co™e propoced facil ty. “"Wije is an over- 


Biwplification since a facility providins Wore expeditiols pacsa-e than 


oT 


Beat obtainabvle frow the small lock would also drain off traffic Tro that 


stallation. The averale transit time throw’h the locks was acsumted to 


a 
— 
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fel.5 tires the cycle length. ‘Thie presupposes that no vessel waits 
Semper than one full cycle for adrittance to the lock chamber. ‘hic ic 
Meeectrue. Particularly at high traffic arrival ratee, so:.e vessels must. 
Haav considerably longer than thie. Father than correlating existin, Lock 
meee With, person@l observations, techniques for reducing lock cata were 
meveloped on a purcly theoretical basis. Even then, the wajority of the 
available voluminous locka;;e data were ignored for the sake of brevity 
with only the “ost compact presentations of this data employed. 

oupposins that more extensive resources of time, personnel and funds 
mere available for additional stucy, "ost of these defects covld be rece- 
Wied. Teas of observers could be stationed both above and below the locks, 
euch craft approaching the locks could be identified, timed in its ,assare, 
and aftervards nalte? and questioned for requisite data. if sich a pro- 
mat were carried out for a full year and the results analyzed by modern 
mectron-c retnods, it would be possible to cevelop relationships fron 
hich not only could travel tire savings during the current year be cal- 
culated but which could be use: for correlation of already existing records 
oY lockaje an? subsequent calculation of travel time savines in previo’s 
ars. Obviovsly more extensive time and personnel resources would ™axe 
@ecible the reduction of the present extensive records of lockager &£n 


Previous yvears to for ats cuitable for electronic data procegsinr. 


Yeher “iethode an? Considerations 


The poss*bility of arlaptine the techniques of electronic data pro- 


cessing to the reening of lock records has already been corr.ented upon in 
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Mapter 3. Such a step would make possible continuing, precise, mecht- 
mzed study of lock operations, a most desirable situation in view of 
ie tendency of traffic patterns at the locks to fluctuate with tine. 
uch an automated system would not however, obviate the need for human 
abservation of ship canal traffic although it would probably reduce the 
ammount of such observation required. 
Simulation of operations at the locks by means of an electronic 
Sompucer is an intri,uing possibility. With appropriate input cata, 
men & program would not only be able to predict the patterm of work 
Seeracvions to be expected under future traffic loads but would also 
male the calculation of travel time savings to a superior degree of 
eocuracy. 
ic @ maeter of fact, Mr. Kenneth Dueker, Research Instructor 
oF the University of Washinton Department of Civil Engineering, 
Pransportation Division, is presently experimenting with a corputer 
imulation of the tras M. Chittenden Locks. The results of his experi- 
ments should be of considerable interest to any person or arency congsider- 
fmeadditional study of tne ship canal spsten. 
One additional possibility that mi¢sht be worth considering is re- 
Merc into the question of whether or not the more constr‘cted portjons 
ff the ship canel syste are approachinre their maximuw: traffic handlin- 
capacity and wiat effect this will have on the situation at the locks. 
It is obviously inecono..ical to expand the traffic handlinr capacity of 
locks past the tracfic handlins capacity of the canal itself and ex- 


tensive enlar:e ents of the canal would be almost prohibitively expensive. 





CHAPTER IX 


oe FUSCURE -OF SEATILE PRukeyRE BOATES 




















1e Locks 


wnetner or not any action !s taxen to improve congested cénuat-_ons 

n the ship canal anc at the locks is certainly not depencent upon the 
Beevs of this tlresis. liven had this investiaattion concluced that Me- 
@ememenerite were to te @ainea freqeizproving tie locgs, it ic dowpt- 

Ml wnether any s ch action would in fact have been taken. As it ic. 
Meerior gmc concluded tiat .ncreneing che trafiic mangling cahhage ct 5% 
Meee > by Other than aciinis trative Mean. is unecono “cal at te rreeent 
aed cen o-fer no @reater encoura e.ent than to say that rore extensive 
Pudy will uncovbtedly reveal flaws in the author's: theor: and rethodoloty 
well as revealing benefits to be ~aitnea fro. areas oF econowc activity 
Se cre. hereon, Under an cire@ectances, the asifior cagnot (oresees 
Meee ansion Of facilities at ilirav@e. Chittenden (oc#e® Lebm@® M@eerta:.er 
hin the precictaole future. 


ae , 


e poat Populatton 


Neguning cont; mance of the precent “eneral procrerity. an& tive 
Maitinw& continued harvest of the fruits of autoMation. tne A erica: 
lic, finshed with le‘svre and lucre, will undoubtedly puirgue haypi- 


gS in aqueois e: rroundin¢gs with increased intensity. The boat popula- 


Peeupon every scrap of sifrface water erytant within our boridere @rec te 
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feted to riee e-sponent'allyv; even more co the boat population Lpon 
Sueeers CONC! move to thé limitless expastes of “he sea. ‘n conse- 
@eeetune boat population «non the waters in vicinit; of greater veattle 
meme eypected to increase, and with it the con’estion in the ship canal 
Pat the locke. As this con-estion increases to levels not heretofore 
mee 1G eect be @eeected to ervert a depre@sing, or restraining effect 
meus Own continued expancion. ‘his eelf-liritin;: effect will of 
Meer, a COrresnondimgy influence on the boatin:. industry in feneral, 
ea iwnpretickable proportions, due to the previo sl: ,entione’ re- 


ere eo7 oct Of tra: smertatzon cost transfers. 


mort, CFO walt-. ater 


‘ne precsure of conrestion in fresh-water areas will result in in- 
asin ly creater mrbers of boaten nooring directly upon salt-water 
Beldom venturing inland of the locks. The expansion of salt-ater 

Pe boating will to a freater or lesser deyree compensate for the de- 
memeeei. bience ot ,;resh-water conmestion. Kkventually, the centre 
favity of pleasure boating activities ray be expected to shift to 

ard of the loc™s. Such a shift however, is not likely to take place 
imeciate future since the continued increase of boat density in 
sh-water will continue to rake these areas more attractive to potential 
vors wWiti the recult that salt-water facilities ‘av be expected to 


av a disproportionally clow rate. 
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‘NMatever the pattern o° develop..ent of pleacure boatin= ~n the Take 
ington Ship Canal Syster., it is 1mlikely that any anal,sis of it will 
Ade which ic core penetrating than that caid to have Leen “sade :orea 
ma centur, avo by Culllayvute, chief of the Chinook Indians wher ine 


1, 'Velate Jani: Ckeoke Cnuck." Ty ané by rvany canoes on that vater.’ 
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mie succeeding paratrrapts o: this appeni.y descrahe Mnidetarl, 





















maoce who are interestea. the rather involvec lovic e plored ig 

mem the require*® estirates of tne number of vesgele that woul be 
meced from the present large lock to @ -arine railvay installation. 
specific exaisple considered is tne vear 1958 but vie sa..e process 
mse, “Spplies to all other vearc. 

me COlum: & of Vaole 17 are listed tnose dawvs durin! wif cn ten 
fewer vecsels passed throuph the lange lock. 16 will be atsuve ftite* 
@ememounts Of tratfic represent incidental lee<a es in company wit] 
meeecommercval vessels, etc.. and world remélfi in no diverszon of 
ffic to proposed facilities. thus zero has been inserte! in tie aprro- 
ite locations of Table 1’. 


Caan QO O8ae> 1° ta + wee 


. 
_ 
° 


tre). ale 
Meee 20d 5) veeselc per day. cCince this is ae relatively low trazt’« 
Mememempe: Of Necessits represent a relat®vel: low rate of arrS'el o 

li craft at the locks, it will be aesw.ec that all of our propoced 
Seeerailveais. even the ninirr@® two lane inctalletiwm, will cetsanlh 

le Of Paes lan= Ghis load. ‘it will also Wé assure) tag tnere well 
meoe Fell cract mich pass thromen the large lock én im@irvental 

mages. The ean between tne limite of 1l and 5S vessels per Car ic 
Peo 39 vecscle per day whien 42 a flow of XR vecsels per day ataove 
level of 10 vessels per @ay attributable to incidental locj)avec. “Vor 
ear 152, 20 veesels per cay tities TT Cave at which this rate o” flow 


irred gives 1549 vessels that would be diverted into ovr proposed 

























bilities on these Sass. mote tuam® Since thic™@ilire reprecerjtc the 
mmoivertavie traffic on these days, the cane firure will aprly to tie 
fe and iour-lane railways as well as tc tne two-lane installation. 
flculations ror all otiier vears are ot course oi.ilar and are recorcel 
fable Ll. 

Poummem: OF table 1; Lists days lying between tne lLigets of ou er 
Meevescselc per cay, the mean daily flow rate being 75 vessels per day, 

“5 Weasels per day @reater than incidental flow. ‘I: the rate of flow 
rough the larre lock were assumed to be about 30 or 32 vessels per cycle, 
mit would take about two cvclee ot that lock at 55 sunutes or *.‘1’ 
Meeper cycle to pacs Chig @iopnt of traffic. 71.19 is equivalent to 

Me l.o3 hours during which a coutle-lane varine railwuy could transfer 
22 vessels and tie triple-lane arran-erent coul: transfer 44, 

re the four-lane railway covld pass ‘t¢€ vessels, a mu ter reeter than 
Wear non-inc_ dental dail: traffic, it will >.e ass*#e@j that the quad- 
le installation will be able to acnieve 10), "iversion or a ‘igaily ilow 
ween 51 and 100 veesels per day. for the vear 1953 this woulda nave 
mnted to ik), 3! ana 1300 vessels that would have been diverte: into 
> three sizes of rerine railway. 

Column H of ‘Jable 17 Usts days on which the traific throyh tre 
irge lock was between 190 and 200 vessels per da_, the mean bein Lf) 
esels per day, 140 above incidental traffic. At any charber loadin’ of 
lerge lock lecs than 4€ vessele per cycle, it would take 4 eycles to 


> this many vessels. ‘This would require about 3.' / hours enablinyv the 


e proposed sixes of marine railway to transfer 44, 88 and 132 vessels 
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Beecvively; regulting 'n valyes of 2€. 1é7C and OS" of che winker of 
epcn o; the turee fac 1 t es coul. have rove’® durin, t.cce da;s Li. 
year 1S. 

Merechicilations involving the lLiWits o: :)0 terogeh O99 versels 

May as shown in coluvns i, J, K amd IL of Gable 1’, it is assuhed that 
Practical li@it o:1 normal chatver loading of the lartre lock is abot 
fmesecils per cycle. he 1uroer of required cycles o: the larve lock was 
nh calcilatesd; rounded o1f to the next lurvest even murber of cycles; 
time required to coiplete tuese cycles co. puted (at 0.01, nours per 
le); and this required tire rultiplie®? by trie agssw.ed rates of tratfic 
wo over our proposed fac’ litiee of 12, Ch and 3% vessels per hour. “ne 
fr OF veseels ner vay that could thur be divertec are sown in cob7. 
Merhole 1, and the actual nvriver of crafu tnat we muy ass.r e caratle 
Meer sot@ie ac varyin’ tra*’fic flows durin, the rast cix.vwearr are Buowm 
colwnns = tro. a J o° thie table, 

wa COlm@em - of Weatble ly ts listed t'e nurbver ot dacrs nr: t.e rast 
fears on which ‘ore tian O vesselr passe: throu jh the lar e locé, 

in colemn is liected tue actral muber o° sessels that paseq that 


kon eacn ov there vevs. tor these cayc, +he nurler of vecsels that 
ld Auve been Giverted to ovr proposed facil:ty is calculated Us total- 
up cme actual tiuber of vessels ti.at macged throm) the Larre Loe; 
practhns ten for jue:dental traffic for each say over COO; di wae he 
Meeeels per cycle acsized cha’ ber load: roundin,; otf ta tre rat Gwen 


» 
ee WP to #1 hourc per c:cle wid tifen ~-ltlpit® AY *lic 


my tra@sic cepagit® of cach of oar preposed Hac! 1’ tlée. fll ccl@mms 








ple Ll. are then totaled and the results recorded ‘n fable 20. 
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